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(57) Abstract 

A high capacity 

point-to-multipoint two-way 
wireless communication system. In 
one example, the system employs a 
dielectric lens-based sectored antenna 
at a base station to communicate with 
remote stationary subscriber stations 
which are dispersed over a sectored 
coverage area. Each subscriber station 
may have one or more end-users. Hie 
system transmits data to and receives 
data from the subscriber stations over 
one or more independent two-way 
broadband wireless communication 
links for each sector of the coverage 
area. Additionally, the system is 
capable of simultaneously transmitting 
the frequency channels of all of the 
independent two-way wireless links 
using the same polarization in each 
sector. The system includes a switching 
infrastructure that connects the sectored 
antenna to an external data network, 
which may be a local or wide area 
Ethernet or packet-switched data 
network such as the Internet, or a 
telephony infrastructure using Internet or 
other data protocol. One or more of the 
subscriber stations may itself be another 
base station according to the invention, such that the system is linked to form a wireless communication network backbone spannig two 
or more coverage areas. In this manner, the system may provide a variety of communication services to end-users at the subscriber 
stations, such as video conferencing, telephony, high-speed internet access, and two-way high-speed voice and data transfer over a wide 
geographic area. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


"MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cfite d' I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazafcstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 00/60885 PCT/USOO/07789 

- 1 - 

POINT-TO-MULTIPOINT TWO-WAY BROADBAND WIRELESS 



COMMUNICATION SYSTEM 



Field of the Invention 

The present invention relates to wireless communications;, and more particularly, 
to a point-to-multipoint wireless communication system for transporting data over one or 
more two-way broadband wireless communication links. 

Background of the Invention 

Ihexommunications-ind^ 

systems that could bring robust communications to the world's population. Much of 
today's communication traffic is in the form of information carriers that are encoded 
with digital data representing information to be transported across a communication link. 
The information transported across the link may often include, for example, voice or 
video information, as well as textual information or raw data for a particular application. 

With the increased use of the Internet and other forms of data communication in 
recent years, there has been an exponential increase in worldwide data traffic. The 
increased demand for data communications has essentially outpaced the capacity of 
existing systems, creating a need for higher capacity communication systems. The 
capacity of a communication link generally refers to the amount of data that can be 
reliably transported over the link per unit time and is typically measured in terms of data 
bits per second (bps). 

Wireless communication systems are recognized as an economical and efficient 
method of interconnecting users. Wireless communication systems may be preferable, 
particularly in geographic locations such as congested urban areas, remote rural areas, or 
areas having difficult terrains, where it may be difficult and/or cost-prohibitive to deploy 
wire conductors or fiber optics. Rather than transporting information on data carriers 
over a physically "tangible" communication link such as a wire conductor or fiber optic 
cable, wireless systems radiate data carriers in "open space" throughout a coverage area. 
The communication link in wireless systems may be generally defined by the radiation 
profile of the data carriers. Many proposed wireless communication systems, however, 
are limited in capacity and flexibility. 
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Often, the data carriers radiated in wireless communication systems are frequency 
channels having a predetermined bandwidth and carrier frequency within a designated 
frequency spectrum for a given communication link. Some proposed solutions for 
increasing the capacity of wireless communication systems have been directed to point- 
5 to-multipoint configurations utilizing a sectored antenna system, which permits the reuse 
of frequency spectrum amongst multiple sectors within a coverage area. By dividing a 
coverage area into a number of sectors and reusing one or more frequency channels in 
some of the sectors, the data carrying capacity of the reused frequency channels is 
essentially multiplied by the number of sectors in which the channels are used. 
10 Accordingly, frequency reuse may increase the data carrying capacity of a given 

*^n^ M ^fsp^5iiinrHowever, frequency reuse as described above typically requires a 

sufficient degree of isolation amongst the sectors of a coverage area to insure relatively 
error-free data transfer. Hence, frequency reuse, and therefore increased capacity, may 
be achieved at the expense of increased isolation amongst the sectors. This increased 
15 sector isolation requirement may pose several engineering challenges to the design of a 
reliable and efficient wireless communication system. 

Some proposed wireless communication systems have employed a technique of 
"polarization diversity," in which contiguous sectors within a coverage area use the same 
frequency channels, but at orthogonal polarizations. For example, in one sector, one or 
20 more frequency channels may be transmitted and received using a horizontal 
polarization, and in a contiguous sector, the same frequency channels would be 
transmitted and received using a vertical polarization, or vice versa. Other wireless 
communication systems have employed polarization diversity in combination with 
different frequency channels in contiguous sectors, while also using a number of various 
25 frequency reuse schemes in non-contiguous sectors. In general, both approaches have 
often met with limited success as a result of design constraints on the sectored antenna 
system which limit the antenna system's performance, particularly in connection with 
interference amongst the sectors. As discussed above, an undesirable amount of 
interference amongst the sectors limits the data carrying capacity of such wireless 
30 communication systems. 
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Summary of the Invention 

One embodiment of the invention is directed to a wireless communication 
system, comprising a base station that transmits first radiation in at least a first sector of a 
plurality of sectors in a coverage area and transmits second radiation in at least a second 
sector of the plurality of sectors. The first and second radiation have a same carrier 
frequency and a same polarization. The system also comprises at least one fixed 
subscriber station disposed in the first sector that receives the first radiation from the 
base station and transmits third radiation to the base station. The base station is 
constructed and arranged such that the first radiation has a predetermined spatial profile 
that significantly reduces interference caused by the first radiation on at least the second 
radiation in at least the second sector, the predetermined spatial profile being sufficiently 
uniform such that the first radiation is effectively received by at least one fixed 
subscriber station located anywhere in the first sector. 

Another embodiment of the invention is directed to a method for transmitting and 
receiving radiation carrying information over air in a coverage area. The coverage area 
is divided into a plurality of sectors including at least a first sector and a second sector. 
The method comprises an act of transmitting first radiation in at least the first sector, and 
transmitting second radiation in at least the second sector, wherein the second radiation 
has a same carrier frequency and a same polarization as the first radiation. The first 
radiation has a predetermined spatial profile that significantly reduces interference 
caused by the first radiation on at least the second radiation in at least the second sector, 
wherein the predetermined spatial profile is sufficiently uniform such that the first 
radiation is effectively received anywhere in the first sector. 

Another embodiment of the invention is directed to a system, comprising a 
wireless communication base station to transmit and receive radiation carrying 
information in a plurality of sectors within a coverage area. The base station includes a 
lens-based sectored antenna system, wherein the lens-based sectored antenna system is 
constructed and arranged so as to be capable of simultaneously transmitting the radiation 
in all sectors of the plurality of sectors, and wherein a polarization of the radiation is the 
same for all sectors of the plurality of sectors. 

Another embodiment of the invention is directed to a wireless communication 
system, comprising at least one fixed subscriber station, a base station, and a network 
operation center. The base station includes a first port through which data is transported 
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to and from the fixed subscriber station over a two-way broadband wireless 
communication link using first data carriers within a first frequency range. The first data 
carriers include at least one downstream data carrier to carry data to the fixed subscriber 
station and at least one upstream data carrier to carry data from the fixed subscriber 
station. The base station is constructed and arranged such that at least one downstream 
data carrier has a data carrying capacity of at least 10 megabits per second. The base 
station includes a second port through which the data is transported over an internal 
communication link using second data carriers within a second frequency range, the 
second frequency range being different from the first frequency range. The network 
operation cent er is coupled to the base station via the internal communication link, to 
transmit the data to and receive the data from the base station in a predetermined manner. 

Another embodiment of the invention is directed to a method of transporting data 
over air, comprising steps of: transmitting, via at least some of a plurality of antenna feed 
elements, radiation carrying downstream data; receiving, via at least some of the 
plurality of antenna feed elements, radiation carrying upstream data; focussing the 
transmitted radiation in a plurality of sectors within a coverage area, a polarization of the 
transmitted radiation being the same for all sectors of the plurality of sectors; and 
focussing the received radiation from the plurality of sectors to at least some of the 
plurality of antenna feed elements, a polarization of the received radiation being the 
same for all sectors of the plurality of sectors. 

Another embodiment of the invention is directed to a method of transporting data 
arranged in data packets having a destination address. The method comprises steps of: 
routing the data packets to a plurality of modulators in a predetermined manner based on 
the destination address; modulating a plurality of first data carriers with the routed data 
packets, each first data carrier associated with a respective modulator of the plurality of 
modulators; transmitting the plurality of modulated first data carriers from the plurality 
of modulators over a first communication link, each modulated first data carrier having a 
respective first carrier frequency in a first frequency range; converting the plurality of 
modulated first data carriers to a corresponding plurality of modulated second data 
carriers, each modulated second data carrier having a respective second carrier frequency 
in a second frequency range, the second frequency range being different than the first 
frequency range; and transmitting the plurality of modulated second data carriers over air 
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in a plurality of sectors within a coverage area, a polarization of the modulated second 
data carriers being the same for all sectors of the plurality of sectors. 

Another embodiment of the invention is directed to a system, comprising at least 
one radiation receiver located in a first sector of a coverage area, and a wireless 
5 communication base station to transmit radiation in a plurality of sectors of the coverage 
area. The base station transmits the radiation in each sector of the plurality of sectors 
using at least one frequency channel, the at least one frequency channel being the same 
for at least the first sector and a second sector of the plurality of sectors. The base station 
is constructed and arranged such that the radiation transmitted in at least the first sector 
10 has a predetermined spatial profile that significantly reduces interference in other sectors 
~ — — of thepluralityof sectors that use the same at least one frequency channel. The 

predetermined spatial profile is sufficiently uniform to be effectively received by at least 
one radiation receiver located anywhere in the first sector. A polarization of the 
transmitted radiation is the same for the first sector and at least one sector contiguous 
1 5 with the first sector. 

Another embodiment of the invention is directed to a system, comprising a 
wireless communication base station to transmit radiation in a plurality of sectors within 
a coverage area. The radiation transmitted in each sector has a spatial profile including a 
main lobe. The base station is constructed and arranged such that each sector of the 
20 plurality of sectors has a sector width in a range of from a first width of the main lobe at 
-3 dB points to a second width of the main lobe at -10 dB points. 

Another embodiment of the invention is directed to a system, comprising a 
wireless communication base station to transmit and receive radiation in a plurality of 
sectors within a coverage area. The base station transmits and receives the radiation in 
25 each sector using at least one pair of frequency channels, a first frequency channel of the 
at least one pair of frequency channels carrying downstream information and a second 
frequency channel of the at least one pair of frequency channels carrying upstream 
information. The base station is constructed and arranged such that the first and second 
frequency channels each has an information carrying capacity of at least 10 megabits per 
30 second in each sector. 

Another embodiment of the invention is directed to a system, comprising a 
wireless communication base station to transmit and receive frequency channels carrying 
information within a coverage area. The base station is constructed and arranged to 
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transmit a first frequency channel having a first carrier frequency in the coverage area 
such that a first information carrying capacity of the first frequency channel in the 
coverage area is at least 110 megabits per second. The base station is also constructed 
and arranged to receive a second frequency channel having a second carrier frequency in 

5 the coverage area such that a second information carrying capacity of the second 
frequency channel in the coverage area is at least 110 megabits per second. 

Another embodiment of the invention is directed to a wireless communication 
system, comprising at least one fixed subscriber station, a base station, and a network 
operation center. The base station includes a first port through which data is transported 

10 to and from the fixed subscriber station over a two-way broadband wireless 

communication link using first data carriers within a first frequency range. The first data 
carriers include at least one downstream data carrier to carry data to the fixed subscriber 
station and at least one upstream data carrier to carry data from the fixed subscriber 
station. The base station is constructed and arranged such that at least one downstream 

15 data carrier and at least one upstream data carrier have a same data carrying capacity. 
The base station also includes a second port through which the data is transported over 
an internal communication link using second data carriers within a second frequency 
range, the second frequency range being different from the first frequency range. The 
network operation center is coupled to the base station via the internal communication 

20 link to transmit the data to and receive the data from the base station in a predetermined 
manner. 

Another embodiment of the invention is directed to a wireless communication 
system, comprising a base station to transmit and receive radiation carrying information 
in a plurality of sectors within a coverage area. The base station transmits the radiation 

25 in each sector of the plurality of sectors using at least one frequency channel, the at least 
one frequency channel being the same for at least a first sector and a second sector of the 
plurality of sectors. The base station includes a lens-based sectored antenna system 
including a dielectric lens having a plurality of focal points, wherein each focal point of 
the plurality of focal points corresponds to one sector of the plurality of sectors. The 

30 lens-based sectored antenna system also includes at least one feed array coupled to the 
dielectric lens to transmit and receive the radiation, wherein the at least one feed array 
includes at least one feed device located proximate to each focal point. The wireless 
communication system also includes at least one fixed subscriber station disposed in the 
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first sector of the plurality of sectors to transmit and receive radiation carrying 
information to and from the base station, and a network operation center coupled to the 
base station to transmit information to and receive information from the base station in a 
predetermined manner. The lens-based sectored antenna system is constructed and 
5 arranged such that the radiation transmitted by the base station in at least the first sector 
has a predetermined spatial profile that significantly reduces interference in other sectors 
of the plurality of sectors that use the same at least one frequency channel. The 
predetermined spatial profile is sufficiently uniform to be effectively received by at least 
one fixed subscriber station located anywhere in the first sector. 



Brief Description of the Drawings 

The accompanying drawings, which are herein incorporated by reference, are not 
intended to be drawn to scale. In the drawings, each identical or nearly identical 
component that is illustrated in various figures is represented by a like numeral. For 
15 purposes of clarity, not every component may be labeled in every drawing. In the 
drawings: 

Figs. 1 A and IB are diagrams of a wireless communication system according to 
one embodiment of the invention; 

Fig. 1C is a more detailed block diagram of the wireless communication system 
20 shown in Figs. 1 A and IB according to one embodiment of the invention; 

Fig. 2 is a chart comparing examples of different data carrier modulation / 
demodulation techniques which may be used in the communication system of Fig. 1C; 

Fig. 3 is a diagram of a fixed subscriber station of the wireless communication 
system of Fig. 1C according to one embodiment of the invention; 
25 Fig. 4 is a more detailed diagram of the wireless communication system of Fig. 

1C, illustrating a sectored coverage area according to one embodiment of the invention; 

Fig. 5 is a schematic drawing of a base station of the system of Fig. 4, illustrating 
a lens-based sectored antenna system according to one embodiment of the invention; 

Fig. 6 is a diagram showing an example of a frequency reuse scheme in a 360° 
30 coverage area for the sectored antenna system of Fig. 5 according to one embodiment of 
the invention; 

Fig. 7 is a diagram showing an example of one communication link of the system 
of Fig^ 4; 
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Fig. 8 is a graph showing an example of an antenna radiation pattern for one 
sector of a coverage area according to one embodiment of the invention; 

Figs. 9 and 10 are diagrams showing the main lobes of antenna radiation patterns 
similar to the pattern of Fig. 8 for three contiguous sectors of a coverage area, comparing 
5 two different sector widths; 

Fig. 1 1 is a diagram similar to Figs. 9 and 10, showing a variation of desired 
signal level within one sector of a coverage area for a given sector width; 

Fig. 12 is a graph showing an example of a distribution of sectors within a 
coverage area, superimposed on a plot of the radiation pattern of Fig. 8; 
10 Fig. 13 is a graph showing two identical radiation patterns as in Fig. 8, 



respectively associated with two different sectors of a coverage area; 

Fig. 14 is the graph of Fig. 12, additionally showing plots of maximum and 
average signal levels in each sector due to the radiation pattern of Fig. 8; 

Fig. 15 is a flow chart illustrating the steps of a method for determining an 
15 optimum sector distribution within a coverage area, according to one embodiment of the 
invention; 

Fig. 16 is a chart showing exemplary design parameters for a transceiver of the 
base station of Fig. 5; 

Fig. 17 is a chart showing exemplary design parameters of a subscriber 
20 directional antenna as shown in Fig. 3 ; 

Fig. 1 8 is a chart showing an example of a link budget analysis for the 
downstream communication link shown in Fig. 7, using parameters from Figs. 16 and 
17; and 

Fig. 19 is a diagram showing an example of a coverage area for the system of 
25 Fig. 4 according to one embodiment of the invention, in which at least two sectors have 
different radii of coverage. 

Detailed Description 

The present invention is directed to an efficient high-capacity point-to-multipoint 
30 wireless communication system. 

In one embodiment, a wireless communication system according to the invention 
employs a dielectric lens-based sectored antenna system at a base station to transport 
data amongst one or more remote "fixed subscriber stations" dispersed over a sectored 
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coverage area. Each subscriber station is fixed in location and may serve one or more 
end-users. The system of the invention transmits data to and receives data from the fixed 
subscriber stations over one or more independent two-way broadband wireless 
communication links for each sector of the coverage area. The system increases the 
5 capacity of any data carrier, or frequency channel, used over the wireless communication 
links by reusing one or more channels amongst the sectors. Additionally, in one 
embodiment, the system is capable of simultaneously transmitting the data carriers of all 
of the independent two-way wireless links using the same polarization in each sector. 
In one embodiment, the wireless communication system of the invention also 
10 includes a switching infrastructure which connects the sectored antenna system to an 

external data network. The switching infrastructure transports data between the external 
data network and the fixed subscriber stations, or between two or more fixed subscriber 
stations, by way of the sectored antenna system. The antenna system is coupled to the 
switching infrastructure using an internal communication link which operates in a 
15 frequency range that is different from that of the two-way broadband wireless 

communication links between the antenna system and the fixed subscriber stations. 

In one embodiment, the external data network to which the wireless 
communication system of the invention is connected may be a local or wide area 
network, and in particular may be an Ethernet or packet-switched data network such as 
20 the Internet, or a telephony infrastructure using Internet protocol or other data protocol. 
Additionally, one or more of the fixed subscriber stations may itself be another base 
station according to the invention, allowing the system to be linked with a number of 
similar systems to form a wireless communication network backbone. In this manner, 
the wireless communication system of the invention may provide a variety of 
25 communication services to end-users at the fixed subscriber stations, such as video 

conferencing, telephony, high-speed Internet access, and two-way high-speed voice and 
data transfer. 

The wireless communication system of the invention may transmit data to and 
receive data from the fixed subscriber stations, or may be linked to similar wireless 
30 communication systems, using a variety of frequency spectra. In particular, the system 
of the invention may communicate to fixed subscriber stations using Multi-channel 
Multi-point Distribution System frequencies (the MMDS frequency spectrum) from 
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approximately 2.5 GHz to 2.7 GHz, which has several advantages in that it is fairly 
robust against rain and other potentially adverse environmental conditions. 

Figs. 1 A and IB are diagrams of a wireless communication system according to 
one embodiment of the invention. The system shown in Figs. 1 A and IB includes one or 
5 more fixed subscriber stations 20, a base station 22, and a network operation center 

(NOC) 40. The fixed subscriber stations 20 are stationary in location, and are generally 
located remotely from the base station 22, for example at a distance of up to 
approximately 30 miles. The network operation center 40 may also be located remotely 
from the base station 22. For example, the base station 22 may be located on a rooftop 
10 or tower, and the network operation center 40 may be located within a building below 
the base station 22, as shown in Fig. IB. Similarly, the base station 22 may be located 
on a hilltop and the network operation center 40 may be located at a lower altitude, as 
shown in Fig. 1 A. In general, the base station 22 may be situated at a substantially 
higher altitude than the network operation center 40, and may be separated from the 
15 network operation center 40 by a distance of, for example, up to approximately 500 feet. 

In a preferred embodiment of the invention, the base station 22 has a substantially 
clear line of sight with the fixed subscriber stations 20, but other embodiments may not 
require this and may allow for at least a partially obstructed line of sight between the 
base station 22 and the fixed subscriber stations 20. As shown in Figs. 1 A and 1 B, the 
20 base station 22 transmits data to and receives data from the fixed subscriber stations 20 
over one or more two-way broadband wireless communication links 26, and transmits 
data to and receives data from the network operation center 40 over an internal 
communication link 34. 

Fig. 1C is a more detailed block diagram of the wireless communication system 
25 shown in Figs. 1 A and IB, according to one embodiment of the invention. In the system 
of Fig. 1 C, the base station 22 includes a first port 24 through which data is transported 
to and from the fixed subscriber stations 20 over one or more two-way broadband 
wireless communication links 26, using one or more data carriers 28 and 30 within a first 
frequency range. The base station 22 also includes a second port 32 through which data 
30 is transported over an internal communication link 34 using one or more data carriers 36 
and 38 within a second frequency range. 

Examples of frequency ranges suitable for the data carriers of the two-way 
broadband wireless communication link 26 include, but are not limited to, the Multi- 
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point Distribution Services (MDS) spectrum from 2.15 GHz to 2.156 GHz, the Multi- 
channel Multi-point Distribution Services (MMDS) spectrum from 2.5 GHz to 2.686 
GHz, the Wireless Communication Services (WCS) spectrum, which is a 30 MHz band 
at approximately 2.3 GHz, the National Information Infrastructure (Nil) spectrum from 5 
GHz to 6 GHz, and the Local Multi-Point Distribution Services (LMDS) spectrum, near 
28 GHz. In general, the two-way broadband wireless communication link 26 may use 
data carriers within a frequency range of approximately 1 GHz to 40 GHz, including 
spectrum which may or may not be presently developed or licensed by the Federal 
Communications Commission (FCC). 

In a preferred embodiment of the system shown in Figs. 1 A-C, the frequency 
range of the internal communication link 34 is different from the frequency range of the 
wireless communication link 26. For example, the wireless communication link 26 may 
preferably use MMDS spectrum from 2.5 GHz to 2.7 GHz, which is divided into 
approximately thirty frequency channels each having a bandwidth of approximately 6 
MHz. In contrast, the internal communication link 34 may use a spectrum having a 
range of approximately 10 MHz to 1000 MHz, which includes frequencies typically used 
for public and cable television broadcasting. Furthermore, in addition to using MMDS 
spectrum to communicate to one or more fixed subscriber stations, the wireless 
communication link 26 may use a band of spectrum in the vicinity of 12 GHz to 1 8 GHz 
to communicate with one or more other base stations (not shown) as part of a wireless 
"backbone" network, while the internal communication link 34 may use optical data 

3 8 

carriers having frequencies in a range of approximately 10 GHz to 10 GHz. 

From the foregoing, it should be appreciated that a wide variety of frequency 
ranges for the two-way broadband wireless communication link 26 and the internal 
communication link 34 of the system shown in Figs. 1 A-C are suitable for purposes of 
the invention. Additionally, various physical media and communication protocols may 
be used for the internal communication link 34, depending in part on the choice of 
frequency range for the internal link. For example, the internal communication link 34 
may include one or more coaxial cables, fiber optic cables, internal wireless 
communication links or combinations thereof. Additionally, the data carriers of internal 
link 34 may include one or more unique frequency channels having a suitable bandwidth 
for a particular application, as discussed further below. 
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In Fig. 1C, the network operation center 40 is shown coupled to the internal 
communication link 34 and an external communication link 42, and serves to transport 
data between the base station 22 and the external communication link 42. Fig. 1C also 
shows that the external communication link 42 couples the network operation center 40 

5 to an "external" data network 48. In a preferred embodiment of the invention, data 

network 48 is a packet-switched network, such as the Ethernet, and may be, for example, 
a local or wide-area network, the Internet, or a telephony infrastructure using Internet 
protocol or other data protocol. The wireless communication system of Fig. 1C couples 
one or more fixed subscriber stations 20 to the data network 48 to provide a variety of 

TO r-nmimintcation services to the^xed^ubscrihe^stati ons. such as, but not limited to, video 

conferencing, telephony, high-speed Internet access, and two-way high-speed voice and 
data transfer. 

Fig. 1 C shows that the network operation center 40 may include one or more 
modems 44 coupled to the internal communication link 34 to transmit data to and receive 

15 data from the base station 22. The network operation center 40 may also include 
switching equipment 46 coupled to the external communication link 42 and to the 
modems 44 to transmit data to and receive data from any of the modems 44 in a 
predetermined manner, or between any of the modems 44 and the external 
communication link 42. 

20 The modems 44 modulate, or "encode," one or more data carriers of the internal 

communication link 34 with data received from the switching equipment 46 to transmit 
the data to the base station 22. The modems 44 also demodulate, or "decode," the data 
carriers received from the base station 22 over the internal communication link 34 to 
obtain or recover data, which the modems then transmit to the switching equipment 46. 

25 A variety of data carrier modulation and demodulation techniques may be 

employed by the modems 44. The modulation and demodulation techniques used by 
modems 44 in different embodiments of the invention may be based in part on the 
physical medium, the frequency range, and the communication protocol used by the 
internal communication link 34, as discussed further below. In a preferred embodiment 

30 of the invention, each modem 44 transmits data to and receives data from the base station 
22 using a unique pair of frequency channels as data carriers over the internal 
communication link 34. 
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Examples of modulation / demodulation techniques employed by the modems 44 
suitable for purposes of the invention include, but are not limited to, binary phase shift 
keying (BPSK), M-ary phase shift keying, and various types of quadrature amplitude 
modulation (QAM), including quadrature phase shift keying (QPSK or QAM-4). A 
5 variety of factors may influence the choice of a particular modulation / demodulation 
technique for the modems 44, such as spectral efficiency, robustness (susceptibility to 
error), and circuit complexity. These factors are discussed briefly below. 

Spectral efficiency (e) is a measure of the amount of data throughput, or capacity, 
a particular modulation / demodulation technique can support for a particular frequency 

10 chann el bandwidth, and is g iven in terms of bits per second per Herz (bps/Hz) by the 

expression 

BW 



where C is the data rate, or channel capacity, in bits per second (bps), and BW is the 
bandwidth of the frequency channel carrying the data, in Hz. Each particular modulation 

15 / demodulation technique has an associated spectral efficiency e, and once a modulation / 
demodulation technique is selected, the effective bandwidth BW of a given frequency 
channel determines the channel capacity. The effective bandwidth of a frequency 
channel is generally a function of the shape of the signal spectrum used for the channel; a 
theoretical maximum bandwidth channel may be represented by a rectangular spectrum, 

20 while an example of a more commonly employed channel shape may be given by a 
raised cosine spectrum. 

Robustness refers to the amount of outside interference or "noise," for example 
additive white or Gaussian noise, transient noise bursts, and interference from other 
channels, that a modem can tolerate while reliably transmitting or receiving data carriers 

25 and insuring relatively error-free data transfer. The noise power in a given frequency 

channel is typically measured relative to some desired signal power in the channel, and is 
commonly expressed as a signal-to-noise ratio (SNR) ? in units of relative power, or 
decibels (dB). 
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A particular choice of modulation / demodulation technique for a modem 
typically involves a tradeoff between spectral efficiency, robustness, and circuit 
complexity; generally, more spectrally efficient modulation / demodulation techniques 
are less robust and require more complex circuitry. Fig. 2 shows a table comparing the 
5 spectral efficiency e in bps/Hz, and the corresponding required SNR for various 

examples of modulation / demodulation techniques. From Fig. 2, it can be seen that 
modulation / demodulation techniques having higher spectral efficiencies £ have more 
stringent SNR requirements for a given frequency channel. Fig. 2 also shows examples 
of the data rate, or channel capacity, in megabits per second (Mbps) for different 

o modul ation / demodulation techniques, based on a raised cosine spectrum channel 

bandwidth BW of 6 MHz. 

In a preferred embodiment of the invention, each modem 44 of the system of Fig. 
1C uses a QAM-4 modulation / demodulation technique for both transmitting data to and 
receiving data from the base station 22, but other embodiments may employ other 
5 modulation / demodulation techniques, as well as different techniques for transmitting 
and receiving in a single modem. From Fig. 2, it can be seen that the choice of a QAM-4 
modulation / demodulation technique requires a theoretical SNR for each frequency 
channel of approximately 14 dB or higher to insure a data error rate of 10E-6 
symbols/second. 

20 While the theoretical SNR requirement may serve as an appropriate guideline, in 

practice a more conservative engineering design specification for a wireless 
communication system according to one embodiment of the invention would include a 
"noise margin" of approximately 10 dB or higher, thereby bringing the actual required 
SNR for each frequency channel to approximately 24 dB or higher. Some aspects of 

25 system design which may contribute noise or interference to a frequency channel, and 
hence impact an overall "noise budget" as dictated by the theoretical or actual required 
SNR for each channel, are discussed further below in connection with Fig. 7. It should 
be appreciated that the SNR required by each modem 44 as a result of choosing a 
particular modulation / demodulation technique, which may or may not include a noise 

30 margin, is the starting point for the optimum design of a wireless communication system 
according to one embodiment of the invention. 

With reference again to Fig. 1C, in a preferred embodiment of the invention each 
modem uses a unique pair of 6 MHz bandwidth QAM-4 frequency channels over one or 



WO 00/60885 PCT/USOO/07789 

.15- 

more coaxial cables serving as the internal communication link 34. One channel of the 
pair is used for transmitting data and another channel of the pair is used for receiving 
data. As a result, in accordance with Fig. 2, each channel has a capacity of up to 
approximately 10 Mbps. The 6 MHz bandwidth of the channels is based upon a 
preferred choice of MMDS spectrum for the wireless communication link 26, in which 
the MMDS spectrum is divided into approximately thirty 6 MHz channels. It should be 
appreciated, however, that other choices of channel bandwidth are possible in other 
embodiments of the invention, and the spectral efficiency dictated by the modulation / 
demodulation technique employed by the modems 44 may be used to determine the 
channel capacity associated with a given bandwidth, as given by Eq. (1). Furthermore, 



in one embodiment, once a channel bandwidth is selected for any frequency channel, it 
may remain fixed during normal operation of the system, although other embodiments 

might not require this. 

Additionally, in the preferred embodiment, the internal communication link 34 
uses an intermediate frequency (IF) range approximately corresponding to public or 
cable television broadcast frequencies for the unique pair of frequency channels 
associated with each modem 44, wherein one channel of the pair preferably has a carrier 
frequency of approximately 10-40 MHz, and the other channel of the pair preferably has 
a carrier frequency of approximately 100-1000 MHz. The lower carrier frequencies of 
the channels used over the internal communication link 34 make possible a significant 
separation between the base station 22 and the network operation center 40 without 
appreciable signal loss in the one or more coaxial cables used for the link 34. As a 
result, the base station 22 may be located on a rooftop of a tall building or on top of a 
tower while the network operating center 40 may be located in a building on the ground 
i or on a lower floor, as discussed above. 

In other embodiments, the internal communication link 34 may use data carriers 
in a variety of frequency ranges over a variety of physical media in addition to or in 
place of one or more coaxial cables; for example, the link 34 may use one or more 
optical fibers and/or wireless links. Each modem 44 may also include a suitable link 
0 interface 45 to appropriately accommodate the frequency range used for the internal 
communication link 34. Examples of link interfaces suitable for purposes of the 
invention include, but are not limited to, intermediate frequency (IF), radio frequency 
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(RF), or optical frequency transceivers, which may be either integrated with, or discrete 
components coupled to, the modems 44. 

With reference again to Fig. 1 C, the switching equipment 46 of the network 
operation center 40 may transport data between two or more fixed subscriber stations 20, 
5 or between any fixed subscriber station 20 and the external communication link 42. In 
particular, the switching equipment 46 transmits data to and receives data from a single 
modem 44, or transports data between two or more modems 44 or between any one of 
the modems 44 and the external communication link 42 in a predetermined manner. 
Examples of switching equipment 46 suitable for purposes of the invention include, but 

ie are noi4ki^d-to r fegh-speed-Ethem (ATM ) 

switches, and data routers. 

Fig. 1C also shows that external communication link 42 is coupled to a data 
network 48, which may be, for example, a packet-switched data network. In packet- 
switched data networks, typically a source address and a destination address are included 
15 in a "packet" of data. The switching equipment 46 is preferably constructed and 

arranged so as to direct data, in the form of packets, between the data network 48 and an 
appropriate fixed subscriber station 20, or between two or more fixed subscriber stations 
20, as determined by the respective source and destination addresses of each data packet. 
In this manner, one or more fixed subscriber stations 20 communicate with one another 
20 and with the data network 48 through the switching equipment 46 via data packets. 

Fig. 1C also shows that the network operation center 40 may include a processor 
43 and a storage unit 47. The processor 43 may be, for example, one or more computers 
that serve to coordinate the activities of the modems 44, the switching equipment 46, and 
the storage unit 47, as discussed further below. 
25 The storage unit 47 may be used to archive any data transported through the 

switching equipment 46. The storage unit 47 may include various forms of memory or 
mass data storage, including one or more conventional hard disk drives, optical storage 
media, integrated circuit memory, or any combination of the above. The storage unit 47 
may be used to offer "data vaulting" services to one or more fixed subscriber stations. 
30 For example, the network operation center 40 can archive data received from one or 
more fixed subscriber stations 20 for a prescribed period of time using storage unit 47, 
and return some or all of the archived data upon a request by one or more of the same or 
different fixed subscriber stations at any time. 
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In the wireless communication system of Fig. 1C, the first port 24 of base station 
22 may include an antenna system 24 to transmit and receive data carriers 28 and 30 
which transport data over the broadband wireless communication link 26. Additionally, 
the second port 32 of the base station 22 may include one or more transceivers 32, 
5 coupled to the internal data communication link 34 and to the antenna system 24 via link 
25. The transceivers 32 convert the data carriers of wireless communication link 26 
received by the antenna system 24 to data carriers of the internal communication link 34 
which transport data to the network operation center 40. Similarly, the transceivers 32 
convert data carriers received over the internal communication link 34 from network 
10 operation center 40 to data carriers for transmission by the antenna system 24 over the 
wireless communication link 26. The antenna system 24 and the transceivers 32 are 
discussed in greater detail below, in connection with Figs. 4 and 5. 

Fig. 3 shows an example of a fixed subscriber station 20 according to one 
embodiment of the invention. In Fig. 3, the fixed subscriber station 20 is shown 
15 deployed in a structure 78, such as a residence, office building, or the like. The fixed 
subscriber station 20 preferably includes a directional antenna 60 which, for example, 
may be mounted to the structure 78 via mount 76 as shown in Fig. 3, or may be affixed 
to a tower in close proximity to structure 78. The directional antenna 60 transmits data 
encoded on one or more data carriers 30, and receives data encoded on one or more data 
20 carriers 28, to and from the base station 22 over the two-way broadband wireless 
communication link 26. 

In a preferred embodiment of the invention, the directional antenna 60 is a mesh 
parabolic antenna, although other types of antennas may be suitable for other 
embodiments. In general, however, the directional antenna 60 may be constructed and 
25 arranged so as to balance aesthetics, weight, and ease of installation with engineering 
requirements for low radiation sidelobes, high gain, and narrow focusing for the data 
carriers 28 and 30 of the wireless communication link 26. Such engineering 
requirements are in part dictated by the required SNR of the modems 44, as discussed 
above in connection with Fig. 2. Various system design parameters relating to antenna 
30 radiation patterns are discussed in greater detail below, in connection with Figs. 8-14. 

The directionality of antenna 60 may be particularly relevant in wireless communication 
backbone networks, in which two or more wireless communication systems according to 
the invention are deployed in close proximity and have tangential or overlapping 
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respective coverage areas in which data carriers having similar frequency ranges are 
used. 

The directional antenna 60 of the fixed subscriber station 20 shown in Fig. 3 is 
coupled via a link 62 to a subscriber transceiver 64 which is, in turn, coupled to an 
5 internal subscriber communication link 66. Preferably, the internal subscriber 

communication link 66 uses data carriers 68 and 69 within a frequency range that is 
different from that of the data carriers 28 and 30 of the wireless communication link 26. 

The subscriber transceiver 64 of Fig. 3 converts at least one data carrier 28 of the 
wireless communication link 26 received by the directional antenna 60 to at least one 
10 data carrier 68. Likewise, the subscriber transceiver 64 converts at least one other data 
carrier 69 from the internal subscriber communication link 66 to at least one other data 
carrier 30 of the wireless communication link 26 for transmission by the directional 
antenna system 60. The subscriber transceiver 64 may be constructed similarly to that of 
the transceivers 32 of the base station 22 shown in Fig. 1C, as discussed further below. 
1 5 Additionally, as with the internal communication link 34 between the base station 22 and 
the network operation center 40 of Fig. 1C, the internal subscriber communication link 
66 may include one or more coaxial cables, fiber optic cables, internal subscriber 
wireless communication links, or combinations thereof. 

The fixed subscriber station 20 shown in Fig. 3 also includes a subscriber modem 
20 70 to transport data between the internal subscriber communication link 68 and 

subscriber premises equipment 74, and to encode and decode the data carriers 68 and 69 
of the internal subscriber communication link 66. The subscriber modem 70 may be 
similar to the modems 44 of the network operation center 40 of Fig. 1C, and are 
constructed and arranged to function cooperatively with modems 44 using similar data 
25 carrier modulation and demodulation techniques. However, it should be appreciated that 
while the modems 44 may be designed to transmit data to and receive data from a 
number of fixed subscriber stations, as discussed further below, the subscriber modem 70 
need only accommodate communication between the base station 22 and one subscriber 
station 20. The premises equipment 74 is coupled to the subscriber modem 70 via data 
30 link 72 and may include, for example, one or more personal computers, video monitors, 
telephones, and the like. Additionally, the premises equipment 74 may include a packet- 
switched network interface (not shown) to couple various end-user devices included in 
the premises equipment 74 to the data link 72. 
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While the fixed subscriber station 20 shown in Fig. 3 shows only one transceiver 
64 and one modem 70, the fixed subscriber station 20 may include more than one 
transceiver 64 and modem 70, respectively, and may use a number of data carriers to 
transport data over the internal subscriber communication link 66 and the wireless 
5 communication link 26. Each subscriber modem 70 may be coupled to a respective 
subscriber transceiver 64, as well as to respective premises equipment 74. 

Additionally, it should be appreciated that the fixed subscriber station 20 may 
have a number of actual "end-users." For example, the fixed subscriber station 20 may 
be an office building serving one or more businesses, a multiple dwelling unit including 
10 a n umber o f residences, or a government facility having a number of branches. Each 

end-user of the fixed subscriber station 20 may have a unique address, so that data in the 
form of packets each having a source and destination address and transported between 
the base station and the fixed subscriber station may be directed appropriately by one or 
more subscriber modems 70 and by the switching equipment 46 of the network operation 
15 center 40, as discussed above. 

Fig. 4 is a more detailed diagram of the system illustrated in Fig. 1C, in which the 
base station 22 is shown transmitting data to and receiving data from several fixed 
subscriber stations 20. Each subscriber station 20 shown in Fig. 4 may be similar to that 
illustrated in Fig. 3, and may include a directional antenna 60, one or more subscriber 
20 transceivers 64, and one or more subscriber modems 70. In the system of Fig. 4, the 

fixed subscriber stations 20 are shown dispersed amongst a plurality of sectors 152, 252, 
and 352 within a coverage area 52 which is defined by an azimuth 50 around the base 
station 22. While Fig. 4 shows coverage area 52 spanning an azimuth 50 of less than 
360° and being divided into only three sectors, the coverage area 52 may span an 
25 azimuth of up to 360° and may be divided into any number of sectors having various 
widths. The number of sectors into which a coverage area is divided may be limited by 
practical system design requirements, as discussed further below. Accordingly, it should 
be appreciated that the following discussion of the system of Fig. 4 is for purposes of 
illustration only, and applies to systems according to various embodiments of the 
30 invention having any number of sectors within a coverage area of up to 360°. 

In the wireless communi cation system of Fig. 4, the base station 22 may transmit 
data to and receive data from the fixed subscriber stations 20 over an independent two- 
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way broadband wireless communication link for each sector of coverage area 52 using a 
number of data carriers in each sector. For example, in Fig. 4, wireless communication 
links 126, 226, and 326 respectively correspond to the sectors 152, 252, and 352 of 
coverage area 52. Using at least two data carriers on each link 126, 226, and 326 for 
purposes of illustration, the antenna system 24 of the base station 22 is constructed and 
arranged to transmit and receive radiation over communication link 126 in sector 152 in 
the form of data carriers 128 and 130. Similarly, the antenna system 24 is constructed 
and arranged to transmit and receive radiation in the form of data carriers 228 and 230 
over communication link 226 in sector 252, and data carriers 328 and 330 over 

communicat ion link 326 in sector 352. 

In a preferred embodiment of the invention, the base station 22 is capable of 
simultaneously transmitting, via the antenna system 24, data carriers in all sectors of the 
coverage area 52. Furthermore, in the preferred embodiment, a polarization of the data 
carriers transmitted and received by the antenna system 24 is the same for all sectors of 
the coverage area 52. 

In Fig. 4, the data carriers of each independent wireless communication link 126, 
226, and 326 may include one or more pairs of frequency channels. Preferably, one 
frequency channel of a pair is used to transport "downstream" data from the base station 
22 to each of the fixed subscriber stations 20 in a given sector, while another frequency 
channel of the pair is used to transport '"upstream" data from each of the fixed subscriber 
stations 20 in the given sector to the base station 22. For example, on communication 
link 126, frequency channel 128 is shown in Fig. 4 as transporting downstream data, 
while frequency channel 130 is shown as transporting upstream data. Similarly, Fig. 4 
shows that frequency channels 228 and 328 may be used to transport downstream data 
from the base station 22 to each of the fixed subscriber stations located in sectors 252 
and 352, respectively, while frequency channels 230 and 330 may be used to transport 
upstream data from each of the fixed subscriber stations of sectors 252 and 352, 
respectively, to the base station 22. For any wireless communication link, the frequency 
channels may be contiguous, or separated by approximately the bandwidth of each 
channel, or may be spaced farther apart within the spectrum designated for the 
communication link. 

In a preferred embodiment of the invention, each frequency channel of the 
independent wireless communication links 126, 226, and 326 has a fixed carrier 
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frequency during normal operation of the base station 22, and is used to transport data 
either to or from all of the fixed subscriber stations in a given sector. In particular, 
according to one embodiment, the frequency channels associated with a particular sector 
are not assignable to any one subscriber station within the sector. The non-assignable 
5 nature of the frequency channels in one embodiment of the present invention differs from 
dynamic frequency channel assignment and allocation schemes commonly used in 
wireless cellular networks for mobile subscribers, in which a number of frequency 
channels are available throughout a coverage area and dynamically assigned to a 
particular mobile subscriber on a per-connection basis, based upon noise and traffic 

l o conditions o n the channels and the location of the mobile subscriber. 

To increase the capacity of any one frequency channel used in the wireless 
communication system shown in Fig. 4, one or more pairs of frequency channels used in 
each sector of the coverage area 52 are preferably reused in another sector; specifically, 
at least one pair of frequency channels is the same for at least two sectors. Furthermore, 
15 while the frequency channels used in any given sector may or may not be contiguous, as 
discussed above, in the preferred embodiment of the invention contiguous sectors do not 
use the same pairs of frequency channels. 

For example, in Fig. 4, according to a preferred embodiment of the invention, 
downstream channel 128 of sector 152 may have the same carrier frequency as 
20 downstream channel 328 of sector 352. Likewise, upstream channel 130 of sector 152 
may have the same carrier frequency as upstream channel 330 of sector 352. While in 
the example described above, sectors 152 and 352 use the same frequency channels for 
transporting upstream and downstream data, respectively, frequency channels 226 and 
228 of sector 252 would have carrier frequencies different from those of the channels 
25 used in sectors 152 and 352. Additionally, while in the preferred embodiment 

contiguous sectors of the coverage area do not use the same frequency channels, all of 
the frequency channels used in all of the sectors have the same polarization, as discussed 
above. 

In the wireless communication system of Fig. 4, the base station 22 preferably 
30 includes at least one transceiver 32 for each sector of the coverage area 52. Accordingly, 
for purposes of illustration, Fig. 4 shows three transceivers 32, each transceiver 
corresponding to a respective sector 152, 252, and 352. Each transceiver 32 may include 
a discrete transmitter to transmit a downstream frequency channel and a discrete receiver 
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to receive an upstream frequency channel, respectively, for each sector, or may be an 
integrated transceiver unit. While Fig. 4 shows only three transceivers corresponding to 
three sectors, more than one upstream or downstream frequency channel may be 
employed in any sector; hence, the base station 22 may include a dedicated transceiver 
5 for each upstream/downstream channel pair in a sector. Each transceiver 32 of the base 
station 22 may be coupled to the internal communication link 34. 

Similarly, Fig. 4 illustrates that the network operation 40 may include one 
modem 44 for each sector of the coverage area 52. Accordingly, for purposes of 
illustration, Fig. 4 shows three modems 44, each modem corresponding to a respective 
10 sector 1 52, 252, and 352. In the system of Fig. 4, each modem 44 transmits data to and 
— — re^ive^atOronfa^ 32 over the internal communication link 34, 

as discussed above in connection with Fig. 1C. If more than one upstream or 
downstream frequency channel is employed in any sector, the network operation center 
40 may include a dedicated modem 44 for each upstream/downstream channel pair in a 
15 sector. 

In the preferred embodiment of the invention, each modem 44 of the system 
shown in Fig. 4 transmits data to and receives data from a respective transceiver 32 over 
the internal communication link 34 using a unique pair of frequency channels, one 
channel of the pair to transport upstream data, and another channel of the pair to 
20 transport downstream data. For example, as discussed above in connection with Fig. 1C, 
the data carriers 36 and 38 of the internal communication link 34 may include one 
dedicated internal channel pair per modem 44. Accordingly, in the example system 
shown in Fig. 4 having three sectors and one transceiver/modem pair per sector, the 
internal communication link 34 would include three unique pairs of internal frequency 
25 channels, or six unique frequency channels. Each internal frequency channel pair may 
be associated with a respective "external" frequency channel pair of a wireless 
communication link in one of the sectors of the coverage area 52, via the conversion 
provided by one of the transceivers 32 of the base station 22. 

It should be appreciated that while the internal communication link may include 
30 several unique frequency channels, at least some of the corresponding external frequency 
channels of the wireless communication links will have the same carrier frequency, 
according to one or more predetermined frequency reuse schemes, as discussed above. 
Additionally, the internal communication link 34 may include, or be formed by, at least 



WO 00/60885 PCT/US00/07789 

-23- ^ - 

two distinct media, for example two or more coaxial or fiber optic cables, two or more 
internal wireless communication links, or combinations thereof. For each distinct media, 
each second data carrier may have a unique carrier frequency in the second frequency 
range, while carrier frequencies amongst different media constituting the internal 
5 communication link 34 may be reused. For example, if the internal communication link 
34 includes a first coaxial cable and a second coaxial cable, each of the first and second 
coaxial cables may transport a second data carrier having a carrier frequency of, for 
example. 10 MHz, but each second data carrier transported by one of the first and second 
coaxial cables would have a unique carrier frequency. 
10 To transport data to and from each fixed subscriber station 20 in a sector served 

by at least one pair of frequency channels, in one embodiment of the invention each 
internal frequency channel (and hence each external frequency channel) may include a 
plurality of time periods, wherein at least one time period is assigned to each fixed 
subscriber station within the sector. Typically, such an assignment of time periods is 
15 accomplished by the modem 44 associated with the sector and is conventionally referred 
to as time division multiple access (TDMA). Each modem 44 may assign at least one 
time period of an upstream frequency channel and downstream frequency channel to 
each fixed subscriber station within a corresponding sector. It should be appreciated that 
while TDMA may be employed within one or more sectors, the base station may 
20 nevertheless transmit and receive data simultaneously and independently in two or more 
sectors; namely, while communication within a given sector may be multiplexed, 
communication amongst the sectors may be continuous. 

The assignment of time periods by each modem 44 may in turn be controlled by a 
processor 43 of the network operation center 40. Each modem 44 may be capable of 
25 various communication protocols in which two or more time periods may be assigned to 
a particular fixed subscriber station within a sector. Furthermore, in a preferred 
embodiment of the invention, the processor 43 may control each modem 44 to 
dynamically assign an appropriate number of time periods to each fixed subscriber 
station within a sector based on a relative demand of the fixed subscriber stations within 
30 the sector, although other embodiment may use other criteria to dynamically assign time 
periods. For example, one fixed subscriber station in a given sector may be a business or 
multiple dwelling unit, including a number of individual businesses or residences as end- 
users, while another fixed subscriber station in the same sector may be a single family 
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residence; In general, the former fixed subscriber station would require more capacity 
from the communication link dedicated to the sector than would the latter. Accordingly, 
the processor 43 and the corresponding modem 44 at the network operation center 40 
would appropriately assign a number of time periods (for example, more time periods to 

5 the former subscriber station) in both the upstream and downstream frequency channels 
to accommodate the relative demands of the business or multiple dwelling unit and the 
single family residence. 

Additionally, the processor 43 and the modems.44 may designate time periods in 
both the upstream and downstream frequency channels for a given sector that are not 

10 assigned to any particular fixed subscriber station in the sector, but instead may serve as__ 
"spacers" in a transported data stream. In particular, such non-assigned time periods 
may be set aside as "synchronization" periods in each frequency channel to account for 
differences in propagation distance from the base station 22 to each fixed subscriber 
station in a sector. Such differences in propagation distance may result in differences of 

15 frequency channel signal arrival times amongst the fixed subscriber stations in a sector, 
in connection with receiving data at either the base station or the fixed subscriber 
stations. 

For example, if in a given sector a first fixed subscriber station is located 1 0 
miles from the base station and a second fixed subscriber station is located 20 miles from 

20 the base station, a frequency channel transmitted by the base station will take 

approximately twice as long to arrive at the second station as it would to arrive at the 
first. Likewise, a frequency channel transmitted by the second subscriber station would 
take approximately twice as long to arrive at the base station than would a frequency 
channel transmitted by the first subscriber station. Accordingly, non-assigned time 

25 periods may be designated in a frequency channel by the processor 43 and/or one or 
more modems 44 for purposes of synchronization, or correcting timing differences, 
amongst fixed subscriber stations in a sector. 

In another embodiment, data transported to and from each fixed subscriber 
station 20 in a sector served by at least one pair of frequency channels may be designated 

30 or assigned to a particular subscriber station using code division multiple access 

(CDMA). In CDMA, data associated with a particular subscriber station is modulated 
by, or correlated with, a unique digital reference code also associated with the particular 
- subscriber station. Such correlation and associated decorrelation functions are typically 
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accomplished by the modem 44 associated with the sector. Each subscriber modem 70 
in the sector would correspondingly be capable of correlating and decorrelating data 
transmitted and received by each fixed subscriber station 20 with a respective unique 
digital reference code. 
5 In CDMA, the result of correlating the data with a digital reference code 

resembles a random or noise-like signal for each fixed subscriber station, which is 
transmitted over one of the frequency channels in the sector together with other noise- 
like signals corresponding to uniquely correlated data associated with other subscriber 
stations in the sector. At each subscriber modem 70 in the sector, the frequency channel 

40 Garrying the^nnijie^like signals is demodulated a nd decorrelated with the respective 

digital reference codes to recover the data. 

In the system of Fig. 4, the switching equipment 46 of the network operation 
center 40 may transport data between any one of the modems 44 and the data network 
48. Additionally, switching equipment 46 may transport data between any two modems 
1 5 44, so as to direct data between fixed subscriber stations in different sectors, or may 

receive data sent by a particular fixed subscriber station in a given sector via a respective 
modem, and direct data back to the same modem so that the data is transmitted to another 
fixed subscriber station in the same sector. 

Additionally, as discussed above in connection with Fig. 1C, in one embodiment 
20 one or more of the fixed subscriber stations 20 dispersed throughout the coverage area 52 
of the system shown in Fig. 4 may be a base station, similar to base station 22, for 
another wireless communication system according to the invention. The base station 22 
in Fig. 4 may transmit data to and receive data from one or more other base stations 
within the coverage area 52 using the same data carriers of the independent wireless 
25 communication link associated with the sector in which the other base station is located, 
or using dedicated data carriers in a frequency range different from that of the wireless 
communication link associated with the sector. By coupling two or more base stations, 
two or more wireless communication systems according to the invention may be linked 
to form a wireless communication network backbone spanning two or more coverage 
30 areas. In another embodiment directed to coupling two or more base stations, one or 
more subscriber stations in a given sector may serve as either "relay stations" between 
two base stations, or alternatively as "common stations" for two or more base stations. 
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Fig. 5 is a detailed diagram of the base station 22 of the system of Fig. 4, 
according to one embodiment of the invention. The base station 22 of Fig. 5 includes a 
lens-based sectored antenna system 24 to transmit and receive the data carriers used for 
the independent two-way broadband wireless communication links in each sector of the 
5 coverage area 52. One example of a lens-based antenna design suitable for purposes of 
the invention includes, but is not limited to, a Luneberg lens formed by multiple layers of 
dielectric materials having different dielectric constants. For purposes of illustration, as 
in Fig. 4, the coverage area 52 shown in Fig. 5 is divided into three sectors 152, 252, and 
352, in which the independent wireless communication links 126, 226, and 326 

i o r espectively associa ted with each sector are shown symbolically as dashed lines. 

The sectored antenna system 24 is constructed and arranged to emit a respective 
radiation pattern of transmitted data carriers in each sector of the coverage area 52 so that 
the data carriers reach all of the fixed subscriber stations located within each sector. In a 
preferred embodiment of the invention, the sectored antenna system 24 includes a 
15 dielectric lens 124 having one or more focal points, wherein each focal point corresponds 
to one sector of the coverage area 52. In Fig. 5, for purposes of illustration, three focal 
points 182, 282, and 382 are shown for the dielectric lens 124, corresponding to sectors 
152, 252, and 352, respectively. 

The sectored antenna system 24 of Fig. 5 additionally includes one or more feed 
20 devices, located proximate to each focal point, to transmit and/or receive the data carriers 
in each sector. For example, in Fig. 5, feed device 180 located at focal point 182 
transmits and receives the data carriers used for communication link 126 in sector 1 52. 
Similarly, feed device 280 located at focal point 282 transmits and receives the data 
carriers used for communication link 226 in sector 252, and feed device 380 located at 
25 focal point 382 transmits and receives the data carriers used for communication link 326 
in sector 352. 

While Fig. 5 shows only one feed device to transmit and receive data carriers in 
each sector, one or more feed devices may be employed to transmit data carriers in each 
sector, while one or more other feed devices may be employed to receive data carriers in 
30 each sector. Examples of lens-based sectored antenna systems, including various feed 
device constructions and arrangements which are suitable for purposes of the invention, 
are described in three U.S. patent applications Serial Nos. 08/677,413, 08/963,039, and 
09/151,036. 
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The applications referenced above are directed to highly efficient sectored 
antenna systems which reduce sidelobe and backlobe radiation patterns of the data 
carriers transmitted in each sector. The improved radiation profiles of such sectored 
antenna systems reduce interference amongst different sectors, which in turn improves 
5 the overall performance of the system in view of a required signal-to-noise ratio (SNR) 
for a particular choice of data carrier modulation / demodulation technique, as discussed 
above in connection with Fig. 2. Additionally, such improved sectored antenna system 
allow for a 360° coverage area with an increased number of sectors, which in turn results 
in increased system capacity. Several engineering design considerations which effect 

TO systeffli^erformance^and-in-parti cular de signconsiderations_whi ch effect a choice of 

radiation patterns and sector widths to minimize interference and hence maximize 
capacity, are discussed in greater detail below in connection with Figs. 7-17. 

Fig. 5 also illustrates that the base station 22 may include one or more tunable 
transceivers 32 coupled between the feed devices of antenna system 24 and the internal 
15 communication link 34. As discussed above in connection with Fig. 4, each transceiver 
32 converts data carriers received by the antenna system 24, from one of the independent 
wireless communication links 126, 226, and 326, to corresponding data carriers of the 
internal communication link 34. Similarly, each transceiver 32 converts data carriers 
from the internal communication link 34 to corresponding data carriers for transmission 
20 by the antenna system 24 over one of the independent wireless communication links 126, 
226, and 326. Preferably, the base station 22 includes at least one transceiver 32 for each 
sector of coverage area 52. 

In a preferred embodiment of the invention, the sectored antenna system 24 is 
located within close proximity of the transceivers 32 so as to minimize any possible 
25 signal attenuation. Each transceiver 32 may be coupled to one or more respective feed 
devices of the antenna system 24 using a low-loss connector. For example, in Fig. 5 the 
transceivers 32 are shown connected to feed devices 180, 280, and 380 using low-loss 
cables 125, 225 and 325, respectively, which may be coaxial cables having a short 
length. Other low-loss methods of connecting the transceivers 32 to the antenna system 
30 24, such as one or more fiber optic cables, may be employed to facilitate a greater 
separation between the antenna system 24 and transceivers 32. 

As discussed above in connection with Fig. 4, the transceivers 32 shown in Fig. 5 
may each include a discrete transmitter and receiver component, or may be integrated as 
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a single component transceiver. Additionally, each transceiver 32 may convert a pair of 
data carrier frequency channels for each sector (one channel for upstream data and one 
channel for downstream data) to internal frequency channels, or may convert multiple 
frequency channel pairs for each sector to internal frequency channels. Alternatively, as 
5 discussed above in connection with Fig. 1C, a number of transceivers 32 may be 

associated with each sector, for example, one transceiver for every frequency channel 
pair used in the sector. 

During normal operation of the base station 22, the carrier frequencies of the 
frequency channels used for each independent wireless communication link preferably 

10 reniain-fixed^a^ — 

frequencies may be adjusted during calibration or set-up of the transceivers 32. In one 
embodiment of the invention, manual frequency channel adjustability of the transceivers 
32 is accomplished through synthesized local oscillators and operator-selectable ceramic 
filters. 

15 Preferably, both the base station transceivers 32 and subscriber transceivers 64 

are designed for low-noise operation. Any noise contributed by the transceivers at either 
the base station or the fixed subscriber units must be factored in to an overall noise 
budget for each communication link of the system, as discussed in connection with Figs. 
2 and 7. Particular transceiver design considerations which affect link noise budgets and 
20 overall system performance are discussed further below, in connection with Fig. 16. 

Fig. 6 is a diagram showing an example of a coverage area 52 of a sectored 
antenna system 24 which is designed to span an azimuth 50 of a full 360° around a base 
station 22 located at the center of the coverage area 52. In general, the coverage area 52 
may be divided into a number of sectors which is divisible by the number of unique pairs 
25 of frequency channels employed by the wireless communication system according to the 
invention. In one embodiment, the coverage area 52 is divided into an even number of 
approximately wedge-shaped contiguous sectors each having a substantially similar 
width. The relative position of a given sector around the coverage area 52 may be 
identified by a peak of a radiation pattern centered within the sector, as indicated in Fig. 
30 6 by rays 56 and 58 for the sectors numbered 1 9 and 20, respectively. For the coverage 
area shown in Fig. 6, the respective peaks of radiation patterns in any two sectors are 
separated by an angular distance, or azimuth 100. For example, Fig. 6 shows that the ray 
56 and 58 of the contiguous sectors numbered 19 and 20, respectively, are separated by 
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azimuth 100. If the coverage area 52 is divided equally into a number of sectors, each 
covering approximately the same area, the azimuth 100 between any two contiguous 
sectors also represents the sector width 54, given by the azimuth 0 SW , as indicated in Fig. 
6 for the sector numbered 1 7. 
5 In a preferred embodiment of the invention, the coverage area 52 is divided into 

22 approximately wedge-shaped sectors each having the same sector width Q sw . For 
purposes of illustration, the sectors in Fig. 6 are sequentially numbered from 1 to 22; the 
sectors designated by reference characters 152, 252, 352, 452, and so on, correspond to 
the wedge-shaped sectors numbered 1, 2, 3, 4, and so on, respectively. While in Fig. 6 
10 each sector of the coverage area 52 is shown as wedge-shaped, each sector may have an 
arbitrary shape. In practice, the outline of the radiation pattern designated for each sector 
may have some curvature. Additionally, the radiation pattern designated for each sector 
may overlap the geographic area of one or more neighboring sectors. Accordingly, it 
should be appreciated that while sectors are referred to for purposes of the invention as 
1 5 non-overlapping geographic areas, one radiation pattern designated for a given sector 
may overlap with another radiation pattern designated for another sector. A method 
according to the invention for determining an optimum sector distribution within a 
coverage area, and in particular a preferred sector width 0 W and hence a preferred 
number of sectors per a particular coverage area azimuth 50, is discussed further below 
20 in connection with Figs. 8-15. 

In Fig. 6, each sector of coverage area 52 preferably includes at least one 
independent two-way broadband wireless communication link to transmit data to and 
receive data from the fixed subscriber stations located in the sector, as discussed above in 
connection with Figs. 4 and 5. For example, as shown in Fig. 6, independent two-way 
25 broadband wireless communication links 426, 526, and 626 are associated with sectors 
452, 552, and 652, corresponding to the sequentially numbered wedge-shaped sectors 4, 
5, and 6, respectively. 

In a preferred embodiment of the invention, alternate sectors of the coverage 
area 52 shown in Fig. 6 use the same frequency channels for their respective independent 
30 wireless communication links. For example, one or more first pairs of frequency 

channels may be used to transport data in even-numbered sectors of coverage area 52, 
while one or more second pairs of frequency channels, different from the first pairs, may 
be used to transport data in odd-numbered sectors of coverage area 52. 
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In particular, Fig. 6 shows that sectors 452 and 652 each use frequency channel 
430 for upstream data and frequency channel 428 for downstream data over the 
independent wireless communication links 426 and 626, respectively. In contrast, sector 
552 uses frequency channel 530 for upstream data and frequency channel 528 for 
downstream data over independent wireless communication link 526. Similarly, while 
not shown explicitly in Fig. 6, in one example of an alternate sector frequency reuse 
scheme according to the invention, each of the even-numbered sectors would use 
frequency channel 430 for upstream data and frequency channel 428 for downstream 
data over their respective independent wireless communication links. Likewise, each 
odd numbered sector would use frequency channel 530 for upstream data_andfrequency_^ 
channel 528 for downstream data over their respective independent wireless 
communication links. One example of frequency channel carrier frequencies in the 
MMDS spectrum suitable for purposes of the invention includes, but is not limited to, 
2.665 GHz for upstream channel 430 and 2.503 GHz for downstream channel 428, and 
5 2.659 GHz for upstream channel 530 and 2.509 GHz for downstream channel 528. 

In one embodiment of the alternate sector frequency reuse scheme illustrated in 
Fig. 6, only two different pairs of frequency channels are required throughout 
the coverage area 52, one pair for all of the even-numbered sectors, and another pair for 
all of the odd-numbered sectors. By reusing a frequency channel amongst a number of 
20 sectors, the data capacity of the frequency channel in a given coverage area is essentially 
multiplied by the number of sectors in which the frequency channel is used. It should be 
appreciated, however, that while in the preferred embodiment only one frequency 
channel pair is used for each sector in Fig. 6, a plurality of channel pairs may be used for 
each sector, as well as different reuse plans amongst the sectors. Indeed, a completely 
25 customized frequency reuse plan, for example frequency reuse in every third or fourth or 
fifth sector, etc., or frequency reuse in only particular arbitrarily designated sectors, may 
be implemented according to other embodiments to suit a highly customized system. 

As discussed above in connection with Figs. 1C and 2, the choice of modulation / 
demodulation technique used by any one of the modems 44 of the network operation 
30 center 40, as well as the subscriber modems 70 of the fixed subscriber stations 20, to 
encode and decode the frequency channels of the wireless communication links 
throughout the coverage area determines a minimum signal-to-noise ratio (SNR) 
requirement for the communication links. In a preferred embodiment of the invention. 
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each two-way communication link of the system has an upstream data frequency channel 
and a downstream data frequency channel, and is associated with one modem 44 at the 
network operation center 40 and at least one subscriber modem 70 at a fixed subscriber 
station 20, which serve as terminations for the given communication link. Between the 
5 two modem terminations of any given communication link, potential sources of noise 
along the link may contribute to a "noise budget" that is limited by the SNR 
requirements of the modems to insure reliable, virtually error-free data transport over the 
link, for example a data error rate of 10 E-6 symbols/second or lower. A primary 
engineering design consideration of a wireless communication system according to the 
UX_mventionis-tojnsnre that all potential sourcesj3f^oise-alojig-am/_ccmimunicatiQnJinkJn_ 
the system are minimized so that the noise budget for any link is not exceeded. 

Fig. 7 shows an example of a downstream data portion (base station to subscriber 
station) of one communication link of the system shown in Fig. 4, which for purposes of 
illustration is shown in Fig. 7 as originating from a modem 44 at the network operation 
15 center 40, and terminating at a subscriber modem 70. The downstream data is 

transported across the communication link shown in Fig. 7 via a succession of frequency 
channels 38, 28, and 68, which may have different carrier frequencies but typically have 
similar band widths. 

Potential sources of noise along the communication link illustrated in Fig. 7 may 
20 include: 1) noise contributed by any link interface 45, such as an IF, RF, or optical 
transmitter, that may be employed by modem 44 to transmit the frequency channel 38 
across internal communication link 34; 2) environmental disturbances that affect the 
internal communication link 34; 3) noise contributed by the transmit circuitry of the 
base station transceiver 32; 4) environmental disturbances that affect the link 25 
25 between the transceiver 32 and the antenna system 24; 5) sidelobes and backlobes of 
radiation patterns emitted by the antenna system 24 in other neighboring sectors which 
use frequency channel 28 (which therefore interfere with the wireless communication 
link 26 also using frequency channel 28); 6) environmental disturbances that effect the 
link 62 between the directional antenna 60 of the fixed subscriber station 20 and the 
30 subscriber transceiver 64; 7) noise contributed by the receive circuitry of the subscriber 
transceiver 64; and 8) environmental disturbances that affect the internal subscriber 
communication link 68. 
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From the foregoing list of potential noise sources, in general the largest 
contributing source to the overall noise budget of the communication link shown in Fig. 
7 is the undesired signal level in the wireless communication link 26 due to interference 
from other sectors in the coverage area that use the same frequency channel 28. 

5 Accordingly, a discussion of wireless communication system designs according to the 
invention which minimize contributions to a limited noise budget should first address 
any factors which may influence such interference from neighboring sectors using the 
same frequency channel. 

The radiation pattern emitted by the feed devices of antenna system 24 associated 

10 with any one sector of a coverage area may present a source of interfere nce in ajiumber — 
of other sectors within the coverage area, particularly those sectors which use one or 
more same frequency channels. Different sectored antenna system designs result in 
different radiation patterns, and achieve different degrees of isolation between sectors, as 
discussed in U.S. Patent Applications 08/963,039 and 09/1 51,036, referenced above. For 

15 any given radiation pattern, however, the amount of undesired signal level in a sector is 
typically a function of the various signal powers radiated by the antenna system, as well 
as the sector width Q SW9 which ultimately determines the proximity of potential sources of 
interference. 

In view of the foregoing, at least one advantage provided by the present invention 
20 includes a method for determining an optimum sector distribution within a coverage 
area, and in particular, an optimum sector width B sw given a radiation pattern for each 
sector. According to the method of the invention, a sector width may be determined 
which minimizes the undesired signal level while maintaining a sufficiently uniform 
distribution of the desired signal level in each sector. For each frequency channel used 
25 in a sector, a ratio of the desired-to-undesired signal level, or D/U ratio, may be 

evaluated as a function of the sector width 9 JM ,. In a preferred embodiment, the method 
of the invention determines an optimal sector width Q sw which maximizes the D/U ratio 
for each sector, based on a given radiation pattern. Conversely, in other embodiments, 
the method of the invention may be implemented to determine an optimum radiation 
30 pattern, given a sector width, which maximizes the D/U ratio for each sector. The 

various embodiments of such a method according to the invention may be implemented 
using software, for example, in the form of a simulation program. 
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Fig. 8 shows a plot of an example of an antenna radiation pattern 96 emitted by 
one or more feed devices associated with one frequency channel of a particular sector of 
a coverage area. The radiation pattern 96 represents the geographic area which a 
frequency channel transmitted by the feed devices covers, and the relative signal strength 
5 of the frequency channel throughout this area. As discussed above in connection with 
Fig. 6, while a sector designates a fixed geographic area that does not overlap with any 
other area, in which subscriber stations preferably receive one or more frequency 
channels specifically designated for the sector. Fig. 8 shows that a radiation pattern 96 
designated for a particular sector may indeed span a geographic area larger than that 

10 correspondin g to the sector. — — 

In general, a radiation pattern emitted into a sector of a coverage area represents a 
far-field pattern G(9) which can be measured or predicted. Alternatively, the pattern 
G(8) may be a transform of a near-field radiation profile generated by one or more feed 
devices through one or more apertures in the dielectric lens 124 of the antenna system 24 
15 shown in Fig. 5. Accordingly, different radiation patterns are possible, depending in part 
on the type of feed devices used, the spatial relationship between one or more feed 
devices and one or more apertures, and the physical properties of the dielectric lens 124. 
These topics are discussed in greater detail in U.S. Patent Applications, Serial Nos. 
08/963,039 and 09/151,036, referenced above. 
20 As seen in Fig. 8, a radiation pattern G(6) associated with one sector may span an 

entire 360° azimuth. In Fig. 8, the horizontal axis indicates the azimuth 50 within a 360° 
coverage area given by an angle 9 in degrees, while the vertical axis indicates relative 
signal level in decibels (dB). The radiation pattern 96 of Fig. 8 includes a main lobe 102 
having a peak 97, used as a reference for relative signal level (0 dB) and shown for 
25 purposes of illustration as coinciding with a 0° reference position. The radiation pattern 
96 of Fig. 8 also includes a number of secondary sidelobes 104, which are distributed 
throughout the entire 360° coverage area. 

While the main lobe 102 shown in Fig. 8 is intended to cover the geographic area 
associated with one sector of the coverage area 52, both the main lobe 102 and the 
30 sidelobes 104 may contribute undesired signals in other sectors of the coverage area, 

particularly those sectors which use the same frequency channel as radiation pattern 96. 
In the following discussion, first the interference due to the main lobe 102 of a given 
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sector in neighboring same frequency channel sectors as a function of sector width Q sw is 
considered qualitatively, followed by a more comprehensive quantitative analysis of the 
interference as a function of sector width 9 JM , due to both the main lobe 102 and the 
sidelobes 104 of a given sector in all other sectors of the coverage area using the same 
5 frequency channel. 

Fig. 9 is a diagram showing the approximate main lobe profiles of radiation 
patterns emitted by the devices 1 80, 280, and 380 of the sectored antenna system 24. In 
Fig. 9, main lobe 1 102, which covers primarily sector 152, corresponds to feed device 
180. Likewise, main lobe 2102, which covers primarily sector 252, corresponds to feed 
10^ — ^eviee^80^and^ain4obe^4£2^^ — 
device 380. It is assumed for purposes of the following discussion that the radiation 
patterns, and hence the main lobes 1 102, 2102, and 3102, generated by each of the feed 
devices 180, 280, and 380 have essentially identical spatial profiles, although other 
embodiments may not require this. 
1 5 In Fig. 9, the sector width 54 of each sector 1 52, 252, and 352 is given by the 

angle Q sw between points of intersection of adjacent main lobes. For example, ray 85 
passes through the point of intersection 89 between main lobes 1 102 and 2102. 
Similarly, ray 86 passes through the point of intersection 85 between main lobes 2102 
and 3102. Accordingly, the sector width 54 is shown in Fig. 9 as the angle 8^ between 
20 ray 85 and ray 86. Like the profiles of the main lobes 1 102, 2102, and 3102, the sector 
width 9^ for each of sectors 152, 252, and 352 is assumed to be equal in Fig. 9, although 
other embodiments may not require this. 

Also shown in Fig. 9 is ray 397, which denotes the peak 81 of the main lobe 3102 
in sector 352. In a manner similar to that denoted by ray 97 of Fig. 8 for the main lobe 
25 1 02 of radiation pattern 96, ray 397 may serve as a reference position at the center of 

sector 352. The angle 88 between ray 397 and ray 86 represents the half-width of sector 
352, which is shown for example in Fig. 9 as approximately 7.5°. Accordingly, the 
width of each sector 152, 252, and 352 in the example of Fig. 9 is approximately 15°. It 
should be appreciated that the width of any given sector, as defined in Fig. 9, is not 
30 necessarily related to the profile of a main lobe of a radiation pattern; rather, as discussed 
above, for purposes of the present discussion, the sector width is defined by the angle 
between points of intersection of the main lobes in adjacent sectors. 
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Fig. 10 is a diagram similar to that of Fig. 9 showing the same main lobe profiles 
for each of sectors 152, 252, and 352. However, in Fig. 10 the half-width 88 of each 
sector has been reduced to 5°. Accordingly, the sector width 54 has been reduced from 

15 s in Fig. 9 to 10° in Fig. 10. 

As can be seen from a comparison of Figs. 9 and 10, for a given radiation pattern 
and hence, for a given main lobe spatial profile, the degree of overlapping of 
neighboring main lobes is a function of the choice of sector width 54. Accordingly, 
smaller sector widths 54 result in a greater degree of overlapping of main lobes and, 
conversely, large sector widths 54 result in a smaller degree of overlapping. Since it is 

^^thi^nyj-rlnppin p of main lobesjthalservesas one source-of4nterference-in^ieighboring 

same frequency channel sectors, smaller sector widths 54 and hence a higheT degree of 
overlapping of main lobes generally results in a higher degree of interference or 
undesired signal in neighboring sectors. However, smaller sector widths generally result 
in a more uniform distribution of desired signal level in each sector. Accordingly, the 
objectives of reduced interference and increased uniformity are preferably balanced in a 
determination of optimum sector width, as discussed further below. 

Conversely, if the sector width 54 is fixed, a smaller or greater degree of 
overlapping may be achieved by varying the radiation pattern for each sector, and hence, 
narrowing or widening the profile of the main lobe. As discussed above in connection 
with Fig. 8, various radiation patterns may be suitable for purposes of the invention and 
are functions of the construction and arrangement of the sectored antenna system 24. 
Accordingly, while the following discussion focuses on determining an optimal sector 
width 9 iW for a given radiation pattern, it should be appreciated that both sector width and 
radiation pattern are variables that may affect D/U ratios, and an optimum radiation 
> pattern may be determined for a fixed sector width to minimize interference amongst 
sectors while maintaining desired signal uniformity in each sector. 

According to one embodiment of the invention, contiguous sectors of coverage 
area 52 do not use the same frequency channels to transport data. In particular, as 
discussed above in connection with Fig. 6, in a preferred embodiment of the invention 
o alternate sectors of coverage area 52 use the same frequency channels to transport data. 
Applying such a frequency reuse scheme to the example of Fig. 9, it is assumed that 
sectors 152 and 352 use the same frequency channels to transport data. Accordingly, the 
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following discussion focuses on the interference in sector 352 due to main lobe 1 102 
(and applies equally to the interference in sector 152 due to main lobe 3102). 

In Fig. 9, any fixed subscriber stations in sector 352 located along ray 397, which 
passes through the peak 81 of main lobe 3102, receive the maximum signal level of the 

5 frequency channels transmitted in sector 352. Point 83 on ray 397 represents the 

radiation signal level due to the main lobe 1 102 of sector 152 along ray 397. Since it is 
assumed that sector 152 uses the same frequency channels as sector 352 in this example, 
the point 83 represents the undesired signal level from. sector 1 52 in sector 352 along the 
ray 397. Accordingly, the length of line 82 represents the difference in same frequency 

10 channel signal level along ray 397, and hence^thejnostf^ 
in sector 352. 

Similarly, in Fig. 9 ray 86 passes through point 85 at the intersection of main 
lobes 2102 and 3102. In the example of Fig. 9, lobes 2102 and 3102 are associated with 
different frequency channels, used in contiguous sectors 252 and 352, respectively. 
15 Fixed subscriber stations located along ray 86 are on a boundary between sectors 252 
and 352, and may choose to transmit and receive data on the frequency channels 
designated for either sectors 252 or 352. However, for purposes of this discussion, it is 
assumed that fixed subscriber stations located along ray 86 choose to transmit and 
receive data using the frequency channels designated for sector 352. As can be seen in 
20 Fig. 9, fixed subscriber stations located along ray 86 at the boundary of sector 352 
receive the minimum desired signal level in that sector. 

The point 87 in Fig. 9 indicates the radiation signal level of main lobe 1 102 of 
sector 152 along the ray 86. Since it is assumed that main lobe 1 102 and main lobe 3102 
represent radiation patterns of the same frequency channels in this example, and since it 
25 is assumed that fixed subscriber stations located along ray 86 use the frequency channels 
designated for sector 352, the point 87 represents the undesired signal level for fixed 
subscriber stations located at the boundary of sector 352 along the ray 86. Accordingly, 
the length of line 84 represents the least favorable D/U ratio for sector 352. 

The effect on maximum and minimum D/U ratios in each sector as a function of 
30 the sector width 54 is qualitatively indicated in Fig. 10 by the relative lengths of lines 82 
and 84. From Fig. 10, in which the sector width 54 is reduced from that of Fig. 9, it can 
be seen that the maximum D/U ratio represented by the length of line 82 is reduced from 
that of Fig. 9. Similarly, the minimum D/U ratio represented by the length of line 84 is 
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reduced from to that of Fig. 9. The result in Fig. 10 suggests that, given a radiation 
pattern for each sector, there is some minimum sector width beyond which further 
reductions in sector width result in an undesirable reduction in both maximum and 
minimum D/U ratio for each sector. 
5 Conversely, if the sector width is increased in an effort to reduce interference 

from neighboring sectors, the variation of desired signal levels across a given sector may 
become excessive. This effect is undesirable, since it is preferred that all fixed 
subscriber stations in a sector receive approximately the same signal level for each 
frequency channel, and hence, receive reliable service from anywhere in the sector. Fig. 
10 11 shows the difference in radiation signal levels between the peak 8 1 of main lobe_31Q2^ 
for fixed subscriber stations located along ray 397 in the center of sector 352, and signal 
levels at the intersection point 85 for subscribers located along ray 86 at the boundary of 
sector 352. The difference in radiation signal level between these two locations is 
qualitatively illustrated by the length of line 94. As the sector width is increased for a 
15 given radiation pattern, the length of line 94 increases, indicating a higher variation of 
radiation levels throughout sector 352. 

More specifically, some minimum desired signal level is required by subscriber 
stations located at or near a sector boundary, as indicated for example in Fig. 1 1 by point 
85 along ray 86 for sector 352. Increasing the sector width may reduce the desired signal 
20 level at the boundary to an inoperable level below the minimum requirement. In general, 
since the desired signal level at a sector boundary decreases more rapidly than the 
undesired signal level with increased sector width, a less favorable minimum D/U ratio 
at the sector boundary results with increased sector width. 

In sum, increasing sector width, or alternatively narrowing the profile of a main 
25 lobe of a radiation pattern with respect to sector width, reduces interference from nearby 
same frequency channel sectors but at the expense of increasing variation of radiation 
levels across a sector and decreasing D/U ratio at or near a sector boundary. 
Accordingly, any method of determining an optimum sector width or radiation pattern to 
maximize D/U ratio should take these competing effects into consideration, and aim to 
30 maximize D/U ratio while maintaining sufficient signal uniformity throughout a sector. 
While the foregoing discussion of D/U ratios was focused primarily on 
interference from the main lobes of neighboring sectors using the same frequency 
channels, in practice the entire radiation pattern from all sectors within a coverage area. 
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and specifically those sectors using one or more same frequency channels, should be 
considered for an accurate determination oiD/U ratio in any one sector. In particular, as 
discussed above in connection with Fig. 8, the radiation pattern 96 associated with a 
given sector may include several sidelobes 104 in addition to main lobe 102, which 

5 indicate that the frequency channels designated for a particular sector may actually 

radiate some signal throughout the entire coverage area 52. Accordingly, the method of 
the invention for determining an optimum sector distribution within a coverage area 
evaluates the interference in a given sector due to both neighboring main lobes as well as 
sidelobes from all other sectors within the coverage area using the same frequency 

10 channels. 

Fig. 12 shows an example of one possible sector distribution within a coverage 
area 52, superimposed on a plot of the radiation pattern 96 of Fig. 8. In the graph of Fig. 
1 2, the boundaries of each sector are indicated by the alternating plot 106. For purposes 
of illustration, each sector is initially chosen to have a sector width 54 of Q sw = 20° , 

15 resulting in a total of 18 sectors in a 360° coverage area. In the example sector 

distribution of Fig. 12 the sector width Q^ v is chosen to be approximately equal to the 
width of the main lobe 102 at the -10 dB points 108 and 110, but other choices of sector 
width are suitable for purposes of various embodiments of the method according to the 
invention. In general, however, it is assumed for purposes of the present discussion that 

20 any candidate sector width Q syv results in a whole number of sectors within a coverage 

area spanning 360°. Furthermore, in the preferred embodiment of the invention in which 
alternate sectors use the same frequency channels, it is assumed that any candidate sector 
width Q sw results in an even number of sectors within the coverage area. It should be 
appreciated, however, that the coverage area may span less than 360° , and that the 

25 coverage area may be divided into an arbitrary number of sectors having a variety of 
sector widths. 

In Fig. 12, the peak of main lobe 102, indicated by ray 97, is shown centered in 
the sector numbered 1 at a 0° reference position. Sector 1 therefore has boundaries 
indicated at ±10° on the horizontal axis of Fig. 12. From sector 1, the sectors are 
30 sequentially numbered left to right, or "clockwise" from 2 through 10, up to the right- 
most portion of Fig. 12 labeled at +1 80°. The sequential numbering of the sectors 
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continues on the left-most side of Fig. 12, with sector 10 at -180°, and continues through 
to sector 18, which is centered at an azimuth of -20° from the reference position. 

As can be seen in Fig, 12, each sector includes a portion of radiation pattern 96 
resulting from the sidelobes 104. From Fig. 12, it can also be seen that for different 

5 values of sector width Q sw , different sidelobes 1 04 may fall within the boundaries of each 
sector; hence, as discussed above, the interference in a given sector due to sidelobes 
associated with a given radiation pattern is a function of the sector width 9^„. 

Fig. 13 is a graph showing plots of two identical radiation patterns 96 and 98 for 
two respective sectors of the coverage area 52. As in Fig. 12, it is assumed that radiation 

io pattern 96 corresponds to the sector numbered K centered at a 0° reference position, and 
may be represented by the function G(9), as in Fig. 8. A peak of the main lobe of 
radiation pattern 98, centered in some other sector n, is indicated by ray 99 and is shown 
shifted from the peak of the main lobe 102 in sector 1 by an angle 100, given by <x„. 
Accordingly, the radiation profile 98 for sector n may be represented by the function G n 

15 = G(8-a„), which is merely the profile G(9) shifted by an angle a„ from the 0° reference 
position. 

It is assumed for purposes of the following discussion that in all sectors n of the 
coverage area 52, the antenna system simultaneously transmits radiation patterns having 
substantially identical spatial profiles similar to the radiation patterns 96 and 98. For a 
20 360° coverage area divided into n sectors having equal widths 0 : , : , as shown for example 
by plot 106 of Fig. 12, the angle a„ for a given sector n may be expressed in terms of 
multiples of sector widths, by a„ = Q S w * where n = 1 ....(360/9 JW ). Accordingly, 

the radiation pattern G„ for any sector n, referenced to sector 1, may therefore be given in 
terms of the sector width Q sw by 



Gn = G(6- & xw *[n-l]) . n = L^(36O/0 X J , (2) 

25 where G; = G(0), as expected. For example, if in Fig. 1 3 it is assumed that the radiation 
pattern 98 is associated with sector 3, then G 3 = G(9 - 2*9™), where the angle 100 is 
given by 0L3 = 2*8^ . 

With reference again to Fig. 12, the boundaries of each sector indicated by plot 
106 may be given as an angle Q S n from the 0° reference position. These boundary angles 

30 Q S n may also be expressed in terms of the sector width 9^., by 
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0™ = 0*,* (n-l/2) , (3) 

where 8 JW is the angle from the 0° reference position to the boundary between sector n 
and and n = 1.... (360/0™). Using this formulation, any sectors illustrated to the 
left of sector 1 in Fig. 12 have boundaries indicated at positive angles from the 0° 
reference position (from +1 80° to 360°), rather than the equivalent negative angles as 
shown in Fig. 12 (from -180° to 0°). Of course, the actual location of the sector 
boundaries indicated by either representation is the same. _ 



With reference again to Fig. 13, from Eqs. (2) and (3), for a given sector width 
Q sw , a ratio \D\/U\ n ] which compares the desired signal level in sector 1 (from the main 
10 lobe 102 of radiation pattern 96) to the undesired signal level in sector 1 due to the 

sidelobes from any other sector n using the same frequency channels, may be expressed 
in terms of relative power by 

[D,/U ln ](0) - -^j- - G(0 . e ^ [n . 1]) .p n ■ 

where pi is the complex power associated with the radiation pattern G\ 9 p„ is the complex 
power associated with the radiation pattern G„, and the angle 8 is swept through sector 1, 

15 i.e. Qswo/dsw) < 0 < Q s i . Accordingly, the relation given by Eq. (4) results in a plot of D/U 
ratio vs. angle within sector 1 for a given sector width Q S w A minimum of such a plot 
represents a "worst case" D/U ratio in sector 1 due to interference from sector «. 

The above analysis may be extended to include the undesired signal levels in 
sector 1 due to sidelobes from all sectors n in the coverage area using the same frequency 

20 channel, by summing the undesired signal levels from each same frequency channel 
sector n. If frequency reuse in alternate sectors is assumed, as in the preferred 
embodiment of the invention, the sum of the undesired signal levels Uj(Q) in sector 1 due 
to all other sectors using the same frequency is given by 



U,(9)= X G " P» > 

it = 3. tt add 



(5) 
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where again the angle 0 is swept through sector 1 , i.e. Q S (36o/q S w) < 0 ^ 9*/ , and only signal 
contributions from odd numbered sectors are summed. Using Eqs. (4) and (5), a ratio 
[ZVt/]], which compares the desired signal level in sector 1 to the total undesired signal 
level in sector 1 due to sidelobes from all other sectors n using the same frequency 
5 channel, may be expressed in terms of relative power by 



[D,/U t ](0) = <jm fS^' 



* a ( 6 ) 

it 

n ■= 3, n odd 



£ Gn Pn 



Similarly to Eq. (4), the relation given by Eq. (6) results in a plot of D/U ratio vs. angle 
within sector 1 for a given sector width e 51( .. A minimum of such a plot represents a 
"worst case" D/U ratio in sector 1 due to interference from all sectors n using the same 
1 o frequency channel. 

While the analysis leading up to Eq. (6) may be cumbersome, even with the 
simplifying assumptions of substantially identical spatial profiles for the radiation 
patterns in each sector, equal sector width, and frequency reuse in alternate sectors, Eq. 
(6) nevertheless provides an accurate assessment of D/U ratio in a given sector, based on 
15 the radiation pattern of the sector and the radiation pattern of each sector using the same 
frequency channel. For each choice of sector width 6 JW , a D/U plot having an associated 
minimum D/U ratio may be generated for a given sector. An optimum sector width 9 ffW 
may be determined by selecting the sector width which results in the highest minimum 
D/U ratio for the sector. 
20 While the foregoing discussion was directed to determining an optimum sector 

width Q S w based on a plot of D/U ratio for sector 1, which would be identical for all 
sectors n in view of the simplifying assumptions, the principles outlined above apply 
equally in determining an optimum sector width for each sector of a coverage area 
having various radiation patterns amongst the sectors, various sector widths, and 
25 arbitrary frequency reuse schemes. For coverage areas spanning up to 360° , in which 
different radiation patterns and sector widths amongst two or more sectors are used, as 
well as an arbitrary or custom frequency reuse scheme, the parameters of the method of 
the invention outlined above may be modified to take into consideration any portion of 
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any radiation pattern throughout the coverage area that may contribute to interference or 
undesired signal in a given sector of interest. Moreover, the complex powers p„ of 
respective radiation patterns G„ may be arbitrarily selected and different for two or more 
sectors, which may result in different radii of coverage amongst the sectors, as discussed 

5 further below in connection with Fig, 19. Nonetheless, Eq. (6) takes the complex power 
P„ of each radiation pattern G„ into consideration in determining a plot of D/U ratio in a 
given sector of interest. 

Additionally, it should be appreciated that, while in the foregoing analysis the 
sector width was varied while the radiation patterns were assumed to be fixed, a similar 

10 analysis of the D/U ratio in a g iven sector may be performed, in w hich sect or w idth is 

held constant while the radiation patterns G„ are varied for one or more sectors, to 
determine radiation patterns which maximize D/U ratios in the sectors for fixed sector 
widths. 

The method of the invention outlined above may be significantly simplified while 

15 nonetheless providing a suitable D/U ratio for purposes of a practical noise budget 

analysis of a communication link according to the invention. Recall from the discussion 
in connection with Figs. 9 and 10 that the minimum desired signal level in a sector n is 
generally found at the sector boundaries. This minimum desired signal level D mmM may 
be used as a "worst case" reference for the desired signal level in calculating the D/U 

20 ratio in a sector «, rather than the actual profile G n of the main lobe in the sector n. 

Similarly, maximum or average values of sidelobes from any interfering same frequency 
sectors, for example «+2, etc. in an embodiment employing an alternate sector 

frequency reuse scheme, may be used as references for the undesired signal level in the 
sector «, rather than the actual profiles G n+2 , G„+ 4 , .... etc. of the sidelobes in the sector 

25 m. The simplification of this approach is that a single maximum or average value, rather 
than a series of values as a function of angle, is obtained for the total undesired signal 
level in sector n. This single value may then be compared to the value D mif1tn to 
determine a single conservative D/U ratio in sector n for each choice of sector width Q SWj 
rather than a plot of D/U ratios vs. angle. 

30 Fig. 14 is the graph of Fig. 12, additionally showing plots of the maximum and 

average signal levels in each sector due to the sidelobes 104 of the radiation pattern 96. 
In Fig. 14, the point 110 indicating the quantity D minJ , which represents the minimum 
desired signal level at a boundary of sector 1 , may be defined as 



WO 00/60885 



-43- 



PCT/US00/07789 



Dmin/ = G(0 X} )= G(0 xxt ./2) , (7) 

where G(0) is the radiation pattern 96 associated with sector 1 . Similarly, the quantity 
G sn > representing the maximum signal level in sector n of the radiation pattern Gj = 
G(9), or conversely, the maximum signal level in sector 1 of the radiation pattern G n , 
assuming identical radiation patterns in all sectors, may be defined as 

G„ = max [G(6)] , for [6^(n-3/2)]< 6 < [e„+(n-l/2)ln = 2...(36O0„) . < 8 > 



5 



The maximum value G sn of the undesired signal level represents a worst case upper limit 
for the interference in sector 1 from sector n. Fig. 14 shows a plot 1 12 of several values 
ofG JW ,for«= 1-10. 

Likewise, the quantity G an * representing the average signal level in sector n of 
10 the radiation pattern Gj = G(0), or conversely, the average signal level in sector 1 of the 
radiation pattern G n , assuming identical radiation patterns in all sectors, may be defined 
as 

G an = ave [G(0)1 , for [6„*(n-3/2)] <0< [6^(n-l/2)l n = 2„.(360/6. s J - (9) 



Fig. 14 also shows a plot 1 14 of several values of G an , for n = 1-10. Using the quantities 
15 G sn and G 0 „, either a maximum or average value of the undesired signal level in sector 1 
due to all sectors n using the same frequency channels, as a function of sector width Q sw , 
may be obtained* 

A worst case scenario D/U ratio for sector 1 may be determined using the sum of 
all G sn for sectors using the same frequency channels as sector 1 , and by assuming that 
20 the complex power is radiated simultaneously in all same frequency channel sectors n 
and is balanced ({3/ = P2 = P«X coherent, and correlated, so that the maximum undesired 
signal levels from all potentially interfering sectors add constructively. Accordingly, a 
simplified version of Eq. (5) for the maximum undesired signal level U max i in sector 1 
may be given by 

f36tt/0„J 

Umaxi ~ Gsn fi n » 
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and a simplified version of Eq. (6) for a worst case scenario D/U value may be given by 



n / r / - Dmml 

Umml' Umax! (360/ 0^ J 



2 c-*A (n> 

11 = 5, n wid 



In practice, depending in part on the modulation / demodulation technique 
utilized by the modems 44 of the network operation center 40, and also due to slight 
manufacturing variations of the sectored antenna system 24, the complex power radiated 
into each sector may not be co herent^r_correlatedJvdfli-Qther-sectors,— Moreover^power 



may not be radiated simultaneously in all same frequency channel sectors. Additionally, 
the radiation patterns G„ may vary slightly from sector to sector. For these reasons, a 
more realistic D/U ratio for sector 1 may be determined using the sum Uove/ of all 
average undesired signal levels G an for sectors using the same frequency channels as 
sector 1 , given by 



U<ive\ " 2-r Pn * 

n = 3, n odd 



A simplified version of Eq. (6) based on Uavei may then be given by 



Dmm J / Uavei (360/ e„) 



(13) 



rj=i, n odd 



An optimum sector width Q sw , based on the radiation patterns G„ and frequency 
reuse in alternate sectors, may be determined by evaluating Eq. (13) for a number of 
sector widths Q sw , and choosing the sector width that results in the highest value for 
D min j/U a veJ . Of course, Eq. (11) may be evaluated similarly; however, the optimum 
sector width determined using Eq. (11) will be based on a worst case value for the D/U 
ratio. While the worst case D/U ratio may provide a more conservative estimate of the 
contribution of same frequency channel interference to the overall noise budget of a 
communication link, the D/U ratio given by Eq. (13) may provide a more practical 
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estimate of this component of the link noise budget. An exemplary range of D/U ratios 
suitable for purposes of the invention is given by, but is not limited to, 10 to 35 dB. In 
one embodiment of the invention, suitable D/U ratios may be achieved by selecting 
sector widths in a range of from the width of a main lobe of a radiation pattern at the -3 
5 dB points, to the width of the main lobe at the -10 dB points. In yet another 

embodiment, the antenna system of the base station associates radiation patterns having 
essentially identical spatial profiles with each sector of a 360° coverage area such that a 
suitable, and more preferably, an optimum D/U ratio for each sector results when the 
sector width of each sector is approximately 16.4 degrees; namely, in this embodiment, 
10 the optimum sector distribution of the 360°^overag^areajnclud^^ 

Fig. 1 5 is a flow chart showing the steps of a preferred embodiment of the 
method of the invention, as outlined above, for determining an optimum sector 
distribution in terms of an optimum sector width Q sw based on either Eqs. (1 1 ) or (1 3). 
As discussed above, in other embodiments of the method according to the invention, the 
15 radiation patterns of each sector may be varied while holding the sector width of each 
sector constant to maximize the D/U ratio in each sector. 

Referring to the flow chart of Fig. 15, in step 700 an initial sector width (Q sw )n = 
360/N is chosen as a maximum candidate sector width, based on an exemplary coverage 
area spanning 360°. The variable //represents the total number of sectors into which the 
20 coverage area is divided, and may be chosen such that the initial sector width is 

approximately twice the width of a main lobe profile at the -10 dB points. For example, 
with reference to Fig. 12, the -10 dB points 108 and 1 10 of main lobe 102 are indicated 
at an azimuth of -10° and +10°, respectively, giving a main lobe width of approximately 
20°. A value for N may be chosen such that an initial sector width (Q S w)n is 
25 approximately twice the main lobe width, which, in the example of Fig. 12, would be 
40°. The foregoing example is for purposes of illustration only and other initial sector 
widths may be suitable according to other embodiments. In one embodiment, TV 
preferably is chosen to be an even number, which is a particularly appropriate choice for 
an alternate frequency reuse scheme. 
30 Based on an initial sector width (Q sw )n , in step 702 of Fig. 15 the variable D min! is 

calculated based on Eq. (7). Once D min} is calculated, the method according to the 
invention may follow either one or both of the paths indicated by reference characters 
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703 and 705. The path indicated by reference character 703 ultimately calculates a 
"worse case" D/U ratio given by Eq. (1 1), while the path indicated by reference 705 
calculates a more conservative D/U ratio given by Eq. (13). 

Following the path indicated by reference character 703, in step 704 of Fig. 15 
the method of the invention calculates the variable G s „ given by Eq. (8). In step 708, the 
variable Umaxi is calculated as given by Eq. (10). In step 712, the ratio Dmini/Umaxi is 
calculated from Eq. (11). Similarly, following the path indicated by reference character 
705, the method of the invention calculates the variable G an in step 706 according to Eq. 
(9). In step 710, the variable Uave) is calculated using Eq. (12). In step 714, the ratio 

D m mi/Uavei is calculated using Eq. (13). ^ 

— 0nceT>ne~oTbotITof the D/U ratios indicated by Eqs. (11) and (13) are calculated 

and stored with the current sector width, for example in a conventional memory, in step 
716 the total number of sectors indicated by the variable N is incremented by an integer 
value /, and in step 718 a new sector width is calculated based on the new total number 
of sectors N. In an embodiment in which is an even number, N is accordingly 
incremented by an even integer in step 716. In step 720 the method queries whether the 
new sector width is less than the width of a main lobe at the -0.5 dB points. If the new 
sector width is greater than the width of a main lobe at the -0.5 dB points, the method 
according to the example outlined in Fig. 15 returns to step 702 and calculates a new 
value for the variable D min j based on the new sector width. If however the new sector 
width is less than the width of a main lobe at the -0.5 dB points, in step 722 a sector 
width is chosen corresponding to the maximum value of one or both of the D/U ratios 
stored by the method. 

Accordingly, in the example outlined above, the width of a main lobe at the -0.5 
dB points serves approximately as the minimum sector width which is evaluated by the 
method according to one embodiment of the invention. This criterion for minimum 
sector width is used for purposes of illustration only in the example outlined in Fig. 1 5, 
and both of steps 700 and 720 may be modified to alter the criterion for a minimum and 
maximum sector width evaluated by the method according to other embodiments of the 
invention. For example, in one embodiment, the number of sectors TV may be 
incremented by some integer i in step 716, hence reducing the sector width, until the D/U 
ratios calculated in steps 712 and 714 asymptotically approach some maximum valve. 
The query step 720 may then inquire as to an incremental change in the D/U ratios^and 
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the method may be exited at step 722 if the incremental change is below some 
predetermined threshold value. 

Once an appropriate D/U ratio or, alternatively, a total undesired signal level due 
to interference from same frequency channel sectors is obtained, other potential sources 
5 of noise as discussed above in connection with Fig. 7, for example other sources of 

undesired RF energy, may be added to this figure to determine the total noise level on a 
communication link. This total noise level is compared to the desired signal level at 
a receiving end of the communication link, and should be within the noise budget 
dictated by the required signal-to-noise ratio (SNR) of the modem serving the receiving 

10 end of the communication link. 

" WithTefereru^ downstream channel communication link (base 

station to subscriber station) shown in Fig. 7, a desired received signal level (RSL) 708 
of a data carrier, originating from the link transmitter 45 of the NOC modem 44 and 
arriving to an input of the subscriber transceiver 64, may be calculated according to one 
15 embodiment of the invention as follows. The link transmitter 45 transmits a data carrier 
38 having an associated signal level 700, which, for example, may be expressed as a 
power in units of dBm. For purposes of the following discussion, the internal 
communication link 34 is assumed to be a low-loss communication link, and hence does 
not attenuate the signal level 700 received by the base station transceiver 32. 
20 The signal level 700 of data carrier 38 is amplified by a transmitter portion of the 

base station transceiver 32, which has an adjustable gain 702. The adjustable gain 702 
may be selected such that the transmitter portion of the transceiver 32 operates in a linear 
region to accommodate the modulated signals (for example, QAM modulated signals 
which preferably require linear channels) output by the NOC modem 44. An amplified 
25 transceiver output signal level 704 of the transmitter portion of the transceiver 32 may be 
attenuated first by a diplexer loss 706 which may be inherent to some types of 
transceivers as a result of integrating a transmitter and receiver portion, and additionally 
- by some line loss 722 on the link 25. The antenna system 24 provides a gain 720 to the 
signal 704, minus the attenuation due to the diplexer loss 706 and the line loss 722, to 
30 output data carrier 28 having an effective radiated signal level 728 at the outset of the 
wireless communication link 26. 

The wireless communication link 26 is shown in Fig. 7 as having a path length 
718 between the base station antenna system 24 and the subscriber antenna 60. The 
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wireless communication link 26 is characterized by a free space path loss 726 which is a 
function of the path length 718 and the carrier frequency of the frequency channel 28. 
The path loss 726 is an attenuation factor which is subtracted from the effective radiated 
signal level 728 of the antenna system 24. To at least partially account for the path loss 
726, or a reduction of signal density as the path length 718 increases, the subscriber 
antenna 60 provides a gain 716 to the received data carrier 28. The link 62 between the 
subscriber antenna 60 and the subscriber transceiver 64 is assumed to be a low-loss link 
which does not attenuate the received data carrier 28. Accordingly, the desired received 
signal level RSL at the input of subscriber transceiver 64, shown in Fig. 7 as reference 
character 708, may be given as ^ 

RSL(dBm) = 

Output of Base Transceiver (704) - Diplexer Loss (706) - 
Attenuation on line 25 (722) +Antenna System 24 Gain (720) - (14) 
Free Space Path Loss (726) + Subscriber Antenna 60 Gain (716) . 

In a similar manner, the noise sources along the downstream communication link 
shown in Fig. 7 may be added to arrive at a total noise level (TNL) 71 4 at an input to the 
subscriber transceiver 64. For purposes of the present discussion, it is assumed that any 
noise produced by the NOC modem 44 or the link transmitter 45, as well as any noise 
due to environmental disturbances over the internal communication link 34 is negligible. 
Additionally, while phase noise from the transmitter portion of the base station 
transceiver 32 may also contribute noise to the link, it is assumed in this example that 
low phase noise transceivers are employed and that the effect of phase noise is 
negligible. Likewise, it is assumed that any noise due to environmental disturbances 
which may affect the link 25, as well as the links 62 and 68 of the subscriber station 20 is 
negligible. This leaves the undesired signal level due to interference from the same 
frequency channel sectors, indicated by reference character 724 in Fig. 7, and thermal 
noise contributed by a receiver portion of the subscriber transceiver 64 as the primary 
sources of noise on the downstream communication link shown in Fig. 7. 

The undesired signal level 724 due to interference from same frequency channel 
sectors may be referenced to an input of the subscriber transceiver 64 and may be 
expressed as the desired received signal level 708 (RSL, in dBm) minus the D/U ratio for 
the sector. This approach is appropriate because the subscriber antenna 60 applies 
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essentially the same gain 716 to both the desired and undesired signals on the wireless 
communication link 26. As discussed above, according to one embodiment of the 
invention, a sector width is chosen such that the D/U ratio for each sector is in a range of 
from approximately 10 to 35 dB. The thermal noise power introduced by the receiver 
5 portion of the subscriber transceiver 64 may calculated from the relation 

Thermal Noise (dBm) = -1 74 dBm +10 log [BW] + NF , (15) 

where BW is the bandwidth of the frequency channels 38, 28, and 68, and NF is the noise 
10 figure 710 of the subscriber transceiver 64, discussed further below in connection with 
— -"^g-167-Th^otal"noiselevel 714 (TNL), referenced to an input of the subscriber 

transceiver 64, is then given by 

TNL (dBm) = 

15 Thermal Noise + Same Channel Interference Noise (724) = (16) 

Thermal Noise + [ RSL (708) - D/U ] . 

Since the above calculation of the total noise level 714 is referenced to an input 
of the subscriber transceiver 64 and includes the thermal noise introduced by the 

20 subscriber transceiver 64, the receiver portion of the subscriber transceiver 64 amplifies 
both the desired signal level 708 and the total noise level 714 equivalently by essentially 
the same gain 712, so that the actual signal-to-noise ratio (SNR ac tuai) of the downstream 
communication link shown in Fig. 7 may be calculated at an input to the subscriber 
transceiver 64 rather than at the subscriber modem 70. This actual signal-to-noise ratio 

25 is given by 

SNRaauai (dB) = RSL - TNL , (17) 

where Eqs. (14), (15) and (16) are used. 
30 Finally, the noise margin of the communication link shown in Fig. 7 may be 

calculated by comparing the actual signal-to-noise ratio given by Eq. (17) to the 
theoretical SNR requirement for the subscriber modem 70 given in Fig. 2 ? using the 
relation 
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Noise Margin (dB) = SNR actual - SNIWoreticai - (18) 

Figs. 16 and 17 are charts showing exemplary design parameters according to one 
embodiment of the invention of the base station transceivers 32 and the subscriber 

5 transceivers 64, as well as exemplary design parameters of the directional antenna 60 of 
the fixed subscriber station 20 respectively, which may affect the contribution of these 
components to the link noise budget. Fig. 19 is a chart showing an example of a 
communication link budget analysis for one embodiment of the downstream 
communication link shown in Fig. 7, using relevant parameters from the charts of Figs. 

10 16 and 17. 

From Fig. 16, it can be seen that in this example the signal power 700 of the data 
carrier 38 input to the base station transceiver 32 may be from -10 to +5 dBm and that 
the transmitter gain 702 of the transceiver 32 may be adjustable in 1 dB increments from 
7 to 5 1 dB. Additionally, it can be seen from Fig. 16 that the maximum amplified output 

15 signal level 704 of the transceiver 32 is 26 dBm. In practice, as indicated in the link 
budget analysis of Fig. 18, this maximum output signal level 704 is "backed-off * by 
approximately 5 dB to ensure that the transmitter portion of the transceiver 32 operates 
in a linear region, thereby minimizing amplitude and phase distortion and hence 
providing a low noise output. The maximum output signal level, output back-off, and 

20 actual output signal level of the transceiver 32 are identified in Fig. 18 by reference 

characters 704a, 704b, and 704, respectively. Additionally, from Fig. 1 6 it can be seen 
that an appropriate power range for the desired received signal level 708 input to the 
subscriber transceiver 64 preferably is in a range of from -30 to -70 dBm, and that an 
adjustable gain 712 of the subscriber transceiver 64 may be from -22 to +22 dB. Also, 

25 Fig. 16 indicates a noise figure (NF) 710 of 8 dB, which is used to calculate the thermal 
noise contributed by the receiver portion of the subscriber transceiver 64. 

Fig. 17 outlines exemplary design parameters of the directional antenna 60 of the 
fixed subscriber station 20. From Fig. 1 7, it can be seen that the gain 7 1 6 of the 
directional antenna 60 in this embodiment is 24 dB. Fig. 17 also shows other parameters 

30 of the antenna 60 with respect to backlobe and sidelobe rejection, as well as an 

acceptable beam width of the data carrier 28 received at the subscriber antenna 60, which 
insures that the antenna reduces or rejects unwanted radiation impinging on the 
directional antenna 60 from directions other than that of the incident data carrier 28. 
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For purposes of illustration, the example of a communication link budget analysis 
shown in Fig. 1 8 indicates a path length 7 1 8 of 26 miles between the antenna system 24 
of the base station 22 and the directional antenna 60 of the subscriber station 20, but 
other path lengths are possible according to other embodiments. Fig. 18 also indicates 
the gain 720 of the antenna system 24, as well as the diplexer loss 706 and line loss 722 
contributing to signal attenuation on link 25. 

As discussed above in connection with Fig. 16, Fig. 1 8 shows that while a 
maximum output level of 26 dBm is available from the transmitter portion of base station 
transceiver 32, this level is "backed-off ' 5.0 dB so that the output level 704 of the base 

station transceiver is a maximum of 21 dBm. Based on this maximum output si gnal 704 

of 21 dBm, on the line loss and diplexer loss, and on an antenna gain 710 of 21 dB, the 
effective radiated signal level 728 of the antenna system 24 is given in Fig. 1 8 as 39 
dBm, or 7.9 Watts. The free space path loss 726, based on the path length 718 and the 
carrier frequency of frequency channel 28, is given in Fig. 18 as 132.9 dB, and the 
5 subscriber antenna gain 716 is given as 24 dB, from Fig. 1 7. According to Eq. (14), 
these parameters result in a desired received signal level (RSL) 708 at an input of 
subscriber transceiver 64 of -69.9 dBm. 

The thermal noise power calculated according to Eq. (15), using a bandwidth of 
6 MHz and a noise figure (NF) 710 of 8 dB as indicated in Fig. 16, is given in Fig. 18 as 
10 -98.9 dBm. In the analysis of Fig. 1 8, an exemplary D/U ratio of 30 dB is selected, 

which results in an undesired signal level 724 due to interference from same frequency 
channel sectors of -99.9 dBm, based on a desired received signal level RSL of -69.9 
dBm. Accordingly, the total noise level (TNL) 714 at an input of the subscriber 
transceiver 64 given by Eq. (16) is indicated in Fig. 18 as -96.4 dBm, and the actual 
25 signal-to-noise ratio according to Eq. (17) is indicated in Fig. 18 as 26.5 dB, resulting in 
a noise margin of 12.5 dB according to Eq. (1 8). 

It should be appreciated that while in the foregoing example a theoretical SNR 
requirement of 14 dB was assumed for a modem using a QAM modulation / 
demodulation technique, other modems using different modulation / demodulations 
30 techniques and/or having different SNR requirements may be employed, as long as the 
actual SNR of the communication link for a given embodiment of the invention is greater 
than the theoretical SNR requirement; namely, the noise margin preferably should be 



WO 00/60885 PCT/US00/07789 

.52- — . 

greater than zero, more preferably greater than 5 dB, and even more preferably greater 
than 10 dB. 

Fig. 19 is a diagram showing an example of a coverage area 52 in which sectors 
have different radii of coverage. In Fig. 19, the base station 22 is located at the center of 
5 the coverage area 52, and a radius of a given sector is measured from the base station 22. 
For example, in Fig. 19 sectors 152 and 352 have a radius 92, while sector 252 has a 
radius 90. While Fig. 19 shows that sector 252 is contiguous to both sectors 152 and 
352, any two non-contiguous or contiguous sectors of the coverage area 252 may have 
different radii. 

10 As shown in Fi gs. 4 and 5, in a preferred embodiment of the invention th e base 

station 22 includes a transceiver 32 for each sector. The radius of a given sector may be 
a function of a power level of a transceiver 32 transmitting a radiation pattern into the 
sector. For some applications, it is desirable to vary the output power level of 
transceivers 32 corresponding to particular sectors because in some instances the base 

15 station 22 must have a greater range in particular sectors. To avoid interference and 
excessive power usage, it may be undesirable to increase the power output level in all 
sectors unilaterally if only some sectors require greater range. Accordingly, only the 
output power level of those sectors requiring a greater range may be increased. As a 
result, however, identical radiation patterns in all sectors can no longer be assumed, and 

20 a determination of an optimum sector distribution according to the method of the 

invention should take into consideration any changes in sector power levels, and hence, 
radiation patterns. Such differences in sector power levels may be accounted for, for 
example, through the complex power variable p n , as discussed above in connection with 
Eq. (4). 

25 Having thus described at least one illustrative embodiment of the invention, 

various alterations, modifications and improvements will readily occur to those skilled in 
the art. Such alterations, modifications, and improvements are intended to be within the 
spirit and scope of the invention. Accordingly, the foregoing description is by way of 
example only and is not intended as limiting. 

30 What is claimed is: 
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CLAIMS 



1 . A wireless communication system, comprising: 

a base station that transmits first radiation in at least a first sector of a plurality of 

5 sectors in a coverage area and transmits second radiation in at least a second sector of the 
plurality of sectors, the first and second radiation having a same carrier frequency and a 
same polarization; and 

at least one fixed subscriber station disposed in the first sector that receives the 
first radiation from the base station and transmits third radiation to the base station, 

10 wherein4he-base^tation4s constructed and^airanged-sueh^iM-the-first-radiation — 

has a predetermined spatial profile that significantly reduces interference caused by the 
first radiation on at least the second radiation in at least the second sector, the 
predetermined spatial profile being sufficiently uniform such that the first radiation is 
effectively received by at least one fixed subscriber station located anywhere in the first 

1 5 sector. 



2. The system of claim 1, wherein: 

each sector of the plurality of sectors includes at least one fixed subscriber 
station; and 

20 the coverage area includes only fixed subscriber stations. 



3. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the predetermined spatial profile of the first 
radiation significantly reduces the interference caused by the first radiation in each 

25 sector of the plurality of sectors in which radiation is transmitted having the same 

carrier frequency and the same polarization as the first radiation. 

4. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that radiation transmitted by at least the base station in 

30 at least one sector of the plurality of sectors that is contiguous with the first sector 

has the same polarization as the first radiation. 
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5. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the radiation transmitted by at least the base 
station in each sector of the plurality of sectors has the same polarization as the first 
radiation. 

5 

6. The system of any of the foregoing claims, wherein the base station includes a 
lens-based sectored antenna system to transmit and receive the radiation in the 
plurality of sectors, the lens-based sectored antenna system including: 

a dielectric lens having a plurality of focal points, each focal point of the plurality 

10 o f focal points corresponding to one sector of the pluralit y of sectors ; and 

a feed array coupled to the dielectric lens to transmit and receive the radiation, 
the feed array including at least one feed device located proximate to each focal point. 



7. The system of any of the foregoing claims, wherein the base station is 

1 5 constructed and arranged such that the base station is capable of simultaneously 

transmitting the radiation in each sector of the plurality of sectors. 

8. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the first radiation is transmitted by the base 

20 station in alternate sectors of the plurality of sectors. 



9. The system of any of the foregoing claims, wherein: 

the at least one fixed subscriber station in the first sector has a required signal-to- 
noise ratio to effectively receive the first radiation; 
25 an undesired signal in at least the first sector includes radiation other than the first 

radiation having the same carrier frequency and the same polarization as the first 
radiation; and 

~ the wireless communication system is constructed and arranged such that a 
desired-to-undesired signal ratio of the first radiation in the first sector is sufficiently 
30 greater than the required signal-to-noise ratio of the at least one fixed subscriber station, 
such that the at least one fixed subscriber station effectively receives the first radiation. 
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10. The system of claim 9 ? wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 10 decibels greater than the required signal-to- 
noise ratio. 

5 

1 1 . The system of claim 9, wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 20 decibels greater than the required signal-to- 
noise ratio, 

10 — 

12. The system of claim 9, wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 1 5 decibels. 

15 13. The system of claim 9, wherein the wireless communication system is 

constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 20 decibels. 

14. The system of claim 9, wherein the wireless communication system is 

20 constructed and arranged such that the desired-to-undesired signal ratio of the first 

radiation in the first sector is at least 25 decibels. 

1 5. The system of claim 9, wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 

25 radiation in the first sector is at least 30 decibels. 

16. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the coverage area includes at least 8 sectors. - 

30 17. The system of any of the foregoing claims, wherein the base station is 

constructed and arranged such that the coverage area includes at least 16 sectors. 
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18. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the coverage area includes at least 20 sectors. 

19. The system of any of the foregoing claims, wherein: 

5 the predetermined spatial profile of the first radiation includes a main lobe; and 

the base station is constructed and arranged such that at least the first sector of the 
plurality of sectors has a sector width in a range of from a first width of the main lobe at 
-3 dB points to a second width of the main lobe at -10 dB points. 

10 20. The system of any of the foregoing claims, wherein: 

a respectlve^pi^eternuned spatial profile of respective radiation transmitted by 

the base station in at least a respective sector of the plurality of sectors includes a 

respective main lobe; and 

the base station is constructed and arranged such that each respective sector of the 
15 plurality of sectors has a respective sector width in a range of from a first width of the 

respective main lobe at -3 dB points to a second width of the respective main lobe at -1 0 

dB points. 

21 . The system of any of the foregoing claims, wherein the base station is 
20 constructed and arranged such that: 

the coverage area spans up to an azimuth of 360 degrees around the base station; 
the coverage area is divided into the plurality of sectors such that each sector of 
the plurality of sectors is approximately wedge-shaped; and 

at least two sectors of the plurality of sectors have different sector widths. 

25 

22. The system of claim any of claims 1-20, wherein the base station is constructed 
and arranged such that: 

the coverage area spans up to an azimuth of 360 degrees around the base station; 

and 

30 the coverage area is divided into the plurality of sectors such that each sector of 

the plurality of sectors is approximately wedge-shaped and has the same sector width. 
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23. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that: 

the coverage area is divided into the plurality of sectors such that each sector of 
the plurality of sectors is approximately wedge-shaped; and 
5 at least two approximately wedge-shaped sectors have different radii. 

24. The system of claim 23, wherein: 

the base station includes a transmitter for each sector; and 

a respective power level of at least two transmitters corresponding to the at least 

10 two approximately wedge-shaped sectors is adjxisted^uchAatthe^^ 

approximately wedge-shaped sectors have the different radii. 

25. The system of any of the foregoing claims, wherein: 
the base station is constructed and arranged so as to transmit and receive the 

radiation in each sector of the plurality of sectors using at least one pair of frequency 
channels; 

a first frequency channel of the at least one pair of frequency channels in each 
sector carries downstream information; 

a second frequency channel of the at least one pair of frequency channels in each 
sector carries upstream information; 

a first carrier frequency of the first frequency channel in each sector is the same 
for at least two sectors of the plurality of sectors and is different for at least two sectors 
of the plurality of sectors; and 

a second carrier frequency of the second frequency channel in each sector is the 
same for at least two sectors of the plurality of sectors and is different for at least two 
sectors of the plurality of sectors. 

26. The system of claim 25, wherein the wireless communication system is 

constructed and arranged such that at least one first frequency channel and at least 
30 one second frequency channel has a same information carrying capacity. 



20 



27. The system of claim 25, wherein the wireless communication system is 
constructed and arranged such that: 
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at least one first frequency channel has a downstream information carrying 
capacity of at least 10 megabits per second in each sector; and 

at least one second frequency channel has an upstream information carrying 
capacity of at least 10 megabits per second in each sector. 

28. The system of claim 25, wherein the wireless communication system is 
constructed and arranged such that: 

all first frequency channels in the coverage area having the same first carrier 
frequency have a total downstream information carrying capacity of at least 110 
megabits per second in the coverage area; and 
_____alLsecond-frequeney^hanneis "irrthe coverage area having the same second 
carrier frequency have a total upstream information carrying capacity of at least 110 
megabits per second in the coverage area. 

29. The system of any of claims 25-28, wherein the base station is constructed and 
arranged so as to transmit and receive the radiation in the plurality of sectors using 
only two different pairs of frequency channels. v 

30. The system of any of claims 25-29, wherein the base station is constructed and 
arranged so as to be capable of maintaining wireless communication with fixed 
subscriber stations in each sector of the plurality of sectors independently of any 
other sector in the plurality of sectors. 

31. The system of any of claims 25-30, wherein the base station is constructed and 
arranged such that contiguous sectors do not use the same at least one pair of 
frequency channels. 

32. The system of any of claims 25-31, wherein the base station is constructed and 
arranged such that alternate sectors use the same at least one pair of frequency 
channels. 

33. The system of any of claims 25-32, wherein the wireless communication system 
is constructed and arranged such that the carrier frequency of each frequency channel 



f 
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of the at least one pair of frequency channels is modulated based only upon digital 
data. 

34. The system of any of claims 25-33, wherein the wireless communication system 
5 is constructed and arranged such that: 

the coverage area is divided into a first number of contiguous, approximately 
wedge-shaped sectors; and 

the first number of sectors is divisible by a second number of unique pairs of 
frequency channels of the at least one pair of frequency channels. 

ID — 

35. The system of any of claims 25-33, wherein the wireless communication system 
is constructed and arranged such that: 

the coverage area is divided into an even number of sequentially numbered, 
contiguous, approximately wedge-shaped sectors; 
15 a first pair of frequency channels is used to carry information in even-numbered 

sectors; and 

a second pair of frequency channels, different from the first pair of frequency 
channels, is used to carry information in odd-numbered sectors. 

20 36. The system of any of claims 25-35, wherein each frequency channel has a 
bandwidth of approximately 6 MHz. 

37. The system of any of claims 25-36, wherein each frequency channel has a carrier 
frequency in a range of from approximately 2.5 GHz to 2.7 GHz. 

25 

38. The system of any of the foregoing claims, wherein the base station includes at 
least one transceiver for each sector to transmit and receive the radiation in each 
sector. 

30 39. The system of any of the foregoing claims, further including a network operation 
center coupled to the base station, to transmit information to and receive information 
from the base station in a predetermined manner. 
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40. The system of claim 39, wherein the base station includes: 

a first port through which information is carried to and from the at least one fixed 
subscriber station over at least one two-way broadband wireless communication link, 
each wireless communication link using frequency channels having a carrier frequency 
within a first frequency range; and 

a second port through which information is carried to and from the network 
operation center over at least one internal communication link, each internal 
communication link using frequency channels having a carrier frequency within a second 
frequency range. 

41 . The system of claim 40, wherein the second port of the base station includes at 
least one tunable transceiver for each sector or the plurality of sectors, each at least 
one tunable transceiver coupled to the first port, each at least one tunable transceiver 
being constructed and arranged to convert at least one frequency channel in the first 
frequency range to at least one frequency channel in the second frequency range and 
to convert at least one frequency channel in the second frequency range to at least 
one frequency channel in the first frequency range. 

42. The system of claim 41 , wherein each at least one tunable transceiver includes: 
means for adjusting a respective carrier frequency of each at least one frequency 

channel transmitted by the at least one tunable transceiver; and 

means for adjusting a respective power level of each at least one frequency 
channel transmitted by the at least one tunable transceiver. 

43. The system of claims 41 or 42, wherein each at least one tunable transceiver is 
constructed and arranged such that each at least one frequency channel transmitted 
by the at least one tunable transceiver has a fixed carrier frequency during normal 
operation of the base station. 

44. The system of any of claims 40-43, wherein the network operation center is 
additionally coupled to an external communication link and is constructed and 
arranged to transport information between the base station and the external 
communication link in the predetermined manner. 
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45. The system of claim 44, wherein: 

the external communication link is coupled to a packet-switched network; and 
the network operation center is constructed and arranged to transport information 
5 between the base station and the packet-switched network. 

46. The system of any of claims 40-45, wherein the network operation center 
includes a storage unit to archive information. 

10 47. The system of any of claims 40-46, wherein the network operation center 

includes: 

at least one modem coupled to the at least one internal communication link to 
transmit information to and receive information from the base station; and 

switching equipment, coupled to each at least one modem, to transport 
15 information between a first modem of the at least one modem, and at least one of a 
second modem of the at least one modem and the first modem. 

48. The system of claim 47, wherein each at least one modem is constructed and 
arranged to decode at least one frequency channel of the at legist one internal 
20 communication link using a first modulation technique to obtain the information 

carried on the at least one frequency channel, and to encode at least one other 
frequency channel of the at least one internal communication link using a second 
modulation technique. 

25 49. The system of claim 48, wherein each at least one modem is constructed and 
arranged such that the first and second modulation techniques are the same. 

50. The system of claim 49, wherein each at least one modem is constructed and 
arranged such that the first and second modulation techniques are quadrature 

30 amplitude modulation. 

5 1 . The system of any of claims 47-50, wherein the network operation center is 
constructed and arranged such that each frequency channel includes a plurality of 
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time periods, at least one time period of the plurality of time periods being assigned 
to each fixed subscriber station in a respective sector. 

52. The system of claim 51, wherein the network operation center is constructed and 
5 arranged such that at least two time periods of the plurality of time periods are 

assigned to at least one fixed subscriber station within the respective sector. 

53. The system of claims 5 1 or 52, wherein the network operation center is 
constructed and arranged such that at least one time period of the plurality of time 

10 periods is not assigned to any particular fixed subscrib er-Station — — — 

54 . The system of any of claims 51-53, wherein the network operation center is 
constructed and arranged to dynamically assign the plurality of time periods to a 
plurality of fixed subscriber station for each respective sector. 

15 

55. The system of claim 54, wherein the network operation center is constructed and 
arranged to dynamically assign the plurality of time periods based on a relative 
demand of the plurality of fixed subscriber stations within each respective sector. 

20 56. The system of claims 54 or 55, wherein the network operation center includes at 
least one processor to control each at least one modem to dynamically assign the 
plurality of time periods. 

57. The system of any of claims 47-56, wherein at least one modem is constructed 

25 and arranged to correlate each frequency channel with a unique digital reference code 

for each fixed subscriber station in a respective sector. 

58. A method for transmitting and receiving radiation carrying information over air 
in a coverage area, the coverage area being divided into a plurality of sectors 

30 including at least a first sector and a second sector, the method comprising an act of: 

transmitting first radiation in at least the first sector; and 

transmitting second radiation in at least the second sector, the second radiation 
having a same carrier frequency and a same polarization as the first radiation. 
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wherein the first radiation has a predetermined spatial profile that significantly 
reduces interference caused by the first radiation on at least the second radiation in at 
least the second sector, the predetermined spatial profile being sufficiently uniform such 
that the first radiation is effectively received anywhere in the first sector. 

5 

59. The method of claim 58, wherein the act of transmitting first radiation includes 
an act of transmitting the first radiation such that the predetermined spatial profile of 
the first radiation significantly reduces the interference due to the first radiation in 
each sector of the plurality of sectors in which radiation its transmitted having the 

10 samexanier-frequency^and4he^am — — 

60. The method of claims 58 or 59, further including an act of transmitting other 
radiation in at least one sector of the plurality of sectors contiguous with the first 
sector, the other radiation having the same polarization as the first radiation. 

15 

61 . The method of any of claims 58-60, further including an act of transmitting other 
radiation in each remaining sector of the plurality of sectors such that the other 
radiation has the same polarization as the first radiation. 

20 62. The method of any of claims 58-61, wherein the act of transmitting the first 

radiation further includes an act of focussing the transmitted first radiation in at least 
the first sector of the plurality of sectors. 

63 . The method of any of claims 58-62, wherein the act of transmitting the second 
25 radiation includes an act of transmitting the second radiation simultaneously with at 

least the first radiation. 

64. The method of any of claims 58-63, wherein the act of transmitting first radiation 
includes an act of transmitting the first radiation in alternate sectors of the plurality of 

30 sectors. 

65. The method of any of claims 58-64, wherein at least one fixed subscriber station 

is located in the first sector, the at least one fixed subscriber station having a required. 
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signal-to-noise ratio to effectively receive the first radiation, and wherein an 
undesired signal in the first sector includes radiation other than the first radiation 
having the same carrier frequency and the same polarization as the first radiation, 
and wherein the act of transmitting the first radiation includes an act of: 
5 transmitting the first radiation in at least the first sector such that a desired-to- 

undesired signal ratio of the first radiation in the first sector is sufficiently greater than 

the required signal-to-noise ratio. 

66. The method of claim 65, wherein the act of transmitting the first radiation 

10— inclxides^in^act-oftransmitting-the^rst -mdiation in^UeastAefirs^sector such tha^- 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
1 0 decibels greater than the required signal-to-noise ratio. 

67. The method of claim 65, wherein the act of transmitting the first radiation 

15 includes an act of transmitting the first radiation in at least the first sector such that 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
20 decibels greater than the required signal-to-noise ratio. 

68. The method of claim 65, wherein the act of transmitting the first radiation 

20 includes an act of transmitting the first radiation in at least the first sector such that 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
1 5 decibels. 

69. The method of claim 65, wherein the act of transmitting the first radiation 

25 includes an act of transmitting the first radiation in at least the first sector such that 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
20 decibels. 

70. The method of claim 65, wherein the act of transmitting the first radiation 

30 includes an act of transmitting the first radiation in at least the first sector such that 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
25 decibels. 



WO 00/60885 PCT/USOO/07789 

-65- 

71 . The method of claim 65, wherein the act of transmitting the first radiation 
includes an act of transmitting the first radiation in at least the first sector such that 
the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
30 decibels. 

5 

72. The method of any of claims 58-71, wherein: 

the act of transmitting the first radiation in at least the first sector includes an act 
of transmitting the first radiation with a first power level in the first sector; and 

the act of transmitting the second radiation in at least the second sector includes 

10— — an^ct-of4ransmitting-the^econ^ 

sector, wherein the second power level and the first power level are different. 

73. The method of any of claims 58-72, wherein: 

the act of transmitting the first radiation includes an act of: 
15 transmitting at least one first frequency channel carrying downstream information 

in each sector of the plurality of sectors, a first carrier frequency of the at least one first 
frequency channel being the same for at least two sectors of the plurality of sectors and 
different for at least two sectors of the plurality of sectors; and 
the method further includes an act of: 
20 receiving at least one second frequency channel carrying upstream information in 

each sector of the plurality of sectors, a second carrier frequency of the at least one 
second frequency channel being the same for at least two sectors of the plurality of 
sectors and different for at least two sectors of the plurality of sectors. 

25 74. The method of claim 73, wherein: 

the act of transmitting at least one first frequency channel includes an act of 
transmitting the at least one first frequency channel such that the at least one first 
frequency channel has a first information carrying capacity; and 

the act of receiving includes an act of receiving the at least one second frequency 
30 channel such that the at least one second frequency channel also has the first information 
carrying capacity. 

75 . The method of claim 73 , wherein: 
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the act of transmitting at least one first frequency channel includes an act of 
transmitting the at least one first frequency channel such that the at least one first 
frequency channel has a downstream information carrying capacity of at least 10 
megabits per second in each sector; and 

the act of receiving includes an act of receiving the at least one second frequency 
channel such that the at least one second frequency channel has an upstream information 
carrying capacity of at least 1 0 megabits per second in each sector. 

76. The method of claim 73, wherein: 

the act of transmitting at ]gngt^n&J5rstAeqi^ 

transmitting all first frequency channels in the coverage area so as to have a total 
downstream information carrying capacity of at least 110 megabits per second in the 
coverage area; and 

the act of receiving includes an act of receiving all second frequency channels in 
the coverage area so as to have a total upstream information carrying capacity of at least 
1 10 megabits per second in the coverage area. 

77. The method of any of claims 73-76, wherein the acts of transmitting and 
receiving include an act of transmitting and receiving the radiation in the plurality of 
sectors using only two different pairs of frequency channels. 

78. The method of any of claims 58-77, wherein the act of transmitting the first 
radiation includes acts of: 

routing data packets to a plurality of modulators in a predetermined manner based 
on a destination address; 

modulating a plurality of first frequency channels with the routed data packets, 
each first frequency channel associated with a respective modulator of the plurality of 
modulators; 

transmitting the plurality of modulated first frequency channels from the plurality 
of modulators over a first communication link, each modulated first frequency channel 
having a respective first carrier frequency in a first frequency range; 

converting the plurality of modulated first frequency channels to a corresponding 
plurality of modulated third frequency channels, each modulated third frequency channel 
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having a respective third carrier frequency in a third frequency range, the third frequency 
range being different than the first frequency range; and 

transmitting the plurality of modulated third frequency channels in at least some 
of the plurality of sectors in the coverage area. 

5 

79. The method of claim 78, wherein at least two modulated third frequency channels 
have a same carrier frequency. 

80. The method of claims 78 or 79, wherein each modulated first frequency channel 
l0____has^a unique-first carrier-frequency.- 

81 . The method of any of claims 78-80, wherein the act of modulating includes an act 
of quadrature amplitude modulating the plurality of first frequency channels. 

1 5 82. The method of any of claims 78-81, wherein: 

each sector of the plurality of sectors includes at least one fixed subscriber 
station; and 

the act of modulating includes an act of correlating the routed data packets for 
each sector with a unique digital reference code for each at least one fixed subscriber 
20 station. 

83. The method of any of claims 78-81, wherein: 

each sector of the plurality of sectors includes at least one fixed subscriber 
station; and 

25 the act of modulating includes an act of assigning at least one time period in each 

first frequency channel to each at least one fixed subscriber station. 
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POINT-TO-MULTIPOINT TWO-WAY BROADBAND WIRELESS 



COMMUNICATION SYSTEM 



Field of the Invention 

The present invention relates to wireless communications, and more particularly, 
to a point-to-multipoint wireless communication system for transporting data over one or 
more two-way broadband wireless communication links. 

Background of the Invention 

The communications industry has long sought increased capacity communication 
systems that could bring robust communications to the world's population. Much of 
today's communication traffic is in the form of information carriers that are encoded 
with digital data representing information to be transported across a communication link. 
5 The information transported across the link may often include, for example, voice or 
video information, as well as textual information or raw data for a particular application. 

With the increased use of the Internet and other forms of data communication in 
recent years, there has been an exponential increase in worldwide data traffic. The 
increased demand for data communications has essentially outpaced the capacity of 
10 existing systems, creating a need for higher capacity communication systems. The 
capacity of a communication link generally refers to the amount of data that can be 
reliably transported over the link per unit time and is typically measured in terms of data 
bits per second (bps). 

Wireless communication systems are recognized as an economical and efficient 
25 method of interconnecting users. Wireless communication systems may be preferable, 
particularly in geographic locations such as congested urban areas, remote rural areas, or 
areas having difficult terrains, where it may be difficult and/or cost-prohibitive to deploy 
wire conductors or fiber optics. Rather than transporting information on data carriers 
over a physically "tangible" communication link such as a wire conductor or fiber optic 
30 cable, wireless systems radiate data carriers in "open space" throughout a coverage area. 
The communication link in wireless systems may be generally defined by the radiation 
profile of the data carriers. Many proposed wireless communication systems, however, 
are limited in capacity and flexibility. 
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Often, the data carriers radiated in wireless communication systems are frequency 
channels having a predetermined bandwidth and carrier frequency within a designated 
frequency spectrum for a given communication link. Some proposed solutions for 
increasing the capacity of wireless communication systems have been directed to point- 
5 to-multipoint configurations utilizing a sectored antenna system, which permits the reuse 
of frequency spectrum amongst multiple sectors within a coverage area. By dividing a 
coverage area into a number of sectors and reusing one or more frequency channels in 
some of the sectors, the data carrying capacity of the reused frequency channels is 
essentially multiplied by the number of sectors in which the channels are used. 
1 o " Accordingly, frequency reuse may increase the data carrying capacity of a given 
"slice" of spectrum. However, frequency reuse as described above typically requires a 
sufficient degree of isolation amongst the sectors of a coverage area to insure relatively 
error-free data transfer. Hence, frequency reuse, and therefore increased capacity, may 
be achieved at the expense of increased isolation amongst the sectors. This increased 
15 sector isolation requirement may pose several engineering challenges to the design of a 
reliable and efficient wireless communication system. 

Some proposed wireless communication systems have employed a technique of 
"polarization diversity," in which contiguous sectors within a coverage area use the same 
frequency channels, but at orthogonal polarizations. For example, in one sector, one or 
20 more frequency channels may be transmitted and received using a horizontal 
polarization, and in a contiguous sector, the same frequency channels would be 
transmitted and received using a vertical polarization, or vice versa. Other wireless 
communication systems have employed polarization diversity in combination with 
different frequency channels in contiguous sectors, while also using a number of various 
25 frequency reuse schemes in non-contiguous sectors. In general, both approaches have 
often met with limited success as a result of design constraints on the sectored antenna 
system which limit the antenna system's performance, particularly in connection with 
interference amongst the sectors. As discussed above, an undesirable amount of 
interference amongst the sectors limits the data carrying capacity of such wireless 
30 communication systems. 



WO 00/60885 PCT/USOO/07789 

-3 - 

Summary of the Invention 

One embodiment of the invention is directed to a wireless communication 
system, comprising a base station that transmits first radiation in at least a first sector of a 
plurality of sectors in a coverage area and transmits second radiation in at least a second 
5 sector of the plurality of sectors. The first and second radiation have a same carrier 
frequency and a same polarization. The system also comprises at least one fixed 
subscriber station disposed in the first sector that receives the first radiation from the 
base station and transmits third radiation to the base station. The base station is 
constructed and arranged such that the first radiation has a predetermined spatial profile 
To that significantly reduces interference caused by the~first radiation on at least the second 
radiation in at least the second sector, the predetermined spatial profile being sufficiently 
uniform such that the first radiation is effectively received by at least one fixed 
subscriber station located anywhere in the first sector. 

Another embodiment of the invention is directed to a method for transmitting and 
] 5 receiving radiation carrying information over air in a coverage area. The coverage area 
is divided into a plurality of sectors including at least a first sector and a second sector. 
The method comprises an act of transmitting first radiation in at least the first sector, and 
transmitting second radiation in at least the second sector, wherein the second radiation 
has a same carrier frequency and a same polarization as the first radiation. The first 
20 radiation has a predetermined spatial profile that significantly reduces interference 

caused by the first radiation on at least the second radiation in at least the second sector, 
wherein the predetermined spatial profile is sufficiently uniform such that the first 
radiation is effectively received anywhere in the first sector. 

Another embodiment of the invention is directed to a system, comprising a 
25 wireless communication base station to transmit and receive radiation carrying 

information in a plurality of sectors within a coverage area. The base station includes a 
lens-based sectored antenna system, wherein the lens-based sectored antenna system is 
constructed and arranged so as to be capable of simultaneously transmitting the radiation 
in all sectors of the plurality of sectors, and wherein a polarization of the radiation is the 
30 same for all sectors of the plurality of sectors. 

Another embodiment of the invention is directed to a wireless communication 
system, comprising at least one fixed subscriber station, a base station, and a network 
operation center. The base station includes a first port through which data is transported 
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to and from the fixed subscriber station over a two-way broadband wireless 
communication link using first data carriers within a first frequency range. The first data 
carriers include at least one downstream data carrier to cany data to the fixed subscriber 
station and at least one upstream data carrier to carry data from the fixed subscriber 
5 station. The base station is constructed and arranged such that at least one downstream 
data carrier has a data carrying capacity of at least 10 megabits per second. The base 
station includes a second port through which the data is transported over an internal 
communication link using second data carriers within a second frequency range, the 
second frequency range being different from the first frequency range. The network 
To operation center is coupled to the base station via the internal communication link, to 

transmit the data to and receive the data from the base station in a predetermined manner. 

Another embodiment of the invention is directed to a method of transporting data 
over air, comprising steps of: transmitting, via at least some of a plurality of antenna feed 
elements, radiation carrying downstream data; receiving, via at least some of the 
15 plurality of antenna feed elements, radiation carrying upstream data; focussing the 

transmitted radiation in a plurality of sectors within a coverage area, a polarization of the 
transmitted radiation being the same for all sectors of the plurality of sectors; and 
focussing the received radiation from the plurality of sectors to at least some of the 
plurality of antenna feed elements, a polarization of the received radiation being the 
20 same for ail sectors of the plurality of sectors. 

Another embodiment of the invention is directed to a method of transporting data 
arranged in data packets having a destination address. The method comprises steps of: 
routing the data packets to a plurality of modulators in a predetermined manner based on 
the destination address; modulating a plurality of first data carriers with the routed data 
25 packets, each first data carrier associated with a respective modulator of the plurality of 
modulators; transmitting the plurality of modulated first data carriers from the plurality 
of modulators over a first communication link, each modulated first data carrier having a 
respective first carrier frequency in a first frequency range; converting the plurality of 
modulated first data carriers to a corresponding plurality of modulated second data 
30 carriers, each modulated second data carrier having a respective second carrier frequency 
in a second frequency range, the second frequency range being different than the first 
frequency range; and transmitting the plurality of modulated second data carriers over air 
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in a plurality of sectors within a coverage area, a polarization of the modulated second 
data carriers being the same for all sectors of the plurality of sectors. 

Another embodiment of the invention is directed to a system, comprising at least 
one radiation receiver located in a first sector of a coverage area, and a wireless 
5 communication base station to transmit radiation in a plurality of sectors of the coverage 
area. The base station transmits the radiation in each sector of the plurality of sectors 
usiny at least one frequency channel, the at least one frequency channel being the same 
lor at least the first sector and a second sector of the plurality of sectors. The base station 
i> constructed and arranged such that the radiation transmitted in at least the first sector 

+e has ra-pfedetetmined^patial^ 

of the plurality of sectors that use the same at least one frequency channel. The 
predetermined spatial profile is sufficiently uniform to be effectively received by at least 
one radiation receiver located anywhere in the first sector. A polarization of the 
transmitted radiation is the same for the first sector and at least one sector contiguous 
1 5 with the first sector. 

Another embodiment of the invention is directed to a system, comprising a 
wireless communication base station to transmit radiation in a plurality of sectors within 
a coverage area. The radiation transmitted in each sector has a spatial profile including a 
main lobe. The base station is constructed and arranged such that each sector of the 
20 plurality of sectors has a sector width in a range of from a first width of the main lobe at 
-3 dB points to a second width of the main lobe at -10 dB points. 

Another embodiment of the invention is directed to a system, comprising a 
wireless communication base station to transmit and receive radiation in a plurality of 
sectors within a coverage area. The base station transmits and receives the radiation in 
25 each sector using at least one pair of frequency channels, a first frequency channel of the 
at least one pair of frequency channels carrying downstream information and a second 
frequency channel of the at least one pair of frequency channels carrying upstream 
information. The base station is constructed and arranged such that the first and second 
frequency channels each has an information carrying capacity of at least 10 megabits per 
30 second in each sector. 

Another embodiment of the invention is directed to a system, comprising a 
wireless communication base station to transmit and receive frequency channels carrying 
information within a coverage area. The base station is constructed and arranged to 
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transmit a first frequency channel having a first carrier frequency in the coverage area 
such that a first information carrying capacity of the first frequency channel in the 
coverage area is at least 110 megabits per second. The base station is also constructed 
and arranged to receive a second frequency channel having a second carrier frequency in 

5 the coverage area such that a second information carrying capacity of the second 
frequency channel in the coverage area is at least 110 megabits per second. 

Another embodiment of the invention is directed to a wireless communication 
system, comprising at least one fixed subscriber station, a base station, and a network 
operation center. The base station includes a first port through which data is transported 

l o to and from the fixed subscriber station over a two-way broadband wireless 

communication link using first data carriers within a first frequency range. The first data 
carriers include at least one downstream data carrier to carry data to the fixed subscriber 
station and at least one upstream data carrier to carry data from the fixed subscriber 
station. The base station is constructed and arranged such that at least one downstream 

1 5 data carrier and at least one upstream data carrier have a same data carrying capacity. 
The base station also includes a second port through which the data is transported over 
an internal communication link using second data carriers within a second frequency 
range, the second frequency range being different from the first frequency range. The 
network operation center is coupled to the base station via the internal communication 

20 link to transmit the data to and receive the data from the base station in a predetermined 
manner. 

Another embodiment of the invention is directed to a wireless communication 
system, comprising a base station to transmit and receive radiation carrying information 
in a plurality of sectors within a coverage area. The base station transmits the radiation 

25 in each sector of the plurality of sectors using at least one frequency channel, the at least 
one frequency channel being the same for at least a first sector and a second sector of the 
plurality of sectors. The base station includes a lens-based sectored antenna system 
including a dielectric lens having a plurality of focal points, wherein each focal point of 
the plurality of focal points corresponds to one sector of the plurality of sectors. The 

30 lens-based sectored antenna system also includes at least one feed array coupled to the 
dielectric lens to transmit and receive the radiation, wherein the at least one feed array 
includes at least one feed device located proximate to each focal point. The wireless 
communication system also includes at least one fixed subscriber station disposed in the 
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first sector of the plurality of sectors to transmit and receive radiation carrying 
information to and from the base station, and a network operation center coupled to the 
base station to transmit information to and receive information from the base station in a 
predetermined manner. The lens-based sectored antenna system is constructed and 
arranged such that the radiation transmitted by the base station in at least the first sector 
has a predetermined spatial profile that significantly reduces interference in other sectors 
of the plurality of sectors that use the same at least one frequency channel. The 
predetermined spatial profile is sufficiently uniform to.be effectively received by at least 
one fixed subscriber station located anywhere in the first sector. 



Brief Description of the Drawings 

The accompanying drawings, which are herein incorporated by reference, are not 
intended to be drawn to scale. In the drawings, each identical or nearly identical 
component that is illustrated in various figures is represented by a like numeral. For 
purposes of clarity, not every component may be labeled in every drawing. In the 
drawings: 

Figs. 1 A and IB are diagrams of a wireless communication system according to 
one embodiment of the invention; 

Fig. 1C is a more detailed block diagram of the wireless communication system 
shown in Figs. 1 A and IB according to one embodiment of the invention; 

Fig. 2 is a chart comparing examples of different data carrier modulation / 
demodulation techniques which may be used in the communication system of Fig. 1C; 

Fig; 3 is a diagram of a fixed subscriber station of the wireless communication 
system of Fig. 1C according to one embodiment of the invention; 

Fig. 4 is a more detailed diagram of the wireless communication system of Fig. 
1C. illustrating a sectored coverage area according to one embodiment of the invention; 

Fig. 5 is a schematic drawing of a base station of the system of Fig. 4. illustrating 
a lens-based sectored antenna system according to one embodiment of the invention: 

Fig. 6 is a diagram showing an example of a frequency reuse scheme in a 360° 
coverage area for the sectored antenna system of Fig. 5 according to one embodiment of 
the invention; 

Fig. 7 is a diagram showing an example of one communication link of the system 
of Fig. 4: 
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Fig. 8 is a graph showing an example of an antenna radiation pattern for one 
sector of a coverage area according to one embodiment of the invention; 

Figs. 9 and 10 are diagrams showing the main lobes of antenna radiation patterns 
similar to the pattern of Fig. 8 for three contiguous sectors of a coverage area, comparing 
two different sector widths; 

Fig. 1 1 is a diagram similar to Figs. 9 and 10, showing a variation of desired 
signal level within one sector of a coverage area for a given sector width; 

Fig. 12 is a graph showing an example of a distribution of sectors within a 
coverage area, superimposed on a plot of the radiation pattern of Fig. 8; 

Fig. 13 is a graph showing two ldenticall^adiation patterns as in Fig. 8, 

respectively associated with two different sectors of a coverage area; 

Fig. 14 is the graph of Fig. 12, additionally showing plots of maximum and 
average signal levels in each sector due to the radiation pattern of Fig. 8; 

Fig. 15 is a flow chart illustrating the steps of a method for determining an 
5 optimum sector distribution within a coverage area, according to one embodiment of the 
invention; 

Fig. 16 is a chart showing exemplary design parameters for a transceiver of the 
base station of Fig. 5; 

Fig. 17 is a chart showing exemplary design parameters of a subscriber 
D directional antenna as shown in Fig. 3; 

Fig. 1 8 is a chart showing an example of a link budget analysis for the 
downstream communication link shown in Fig. 7, using parameters from Figs. 16 and 
17; and 

Fig. 19 is a diagram showing an example of a coverage area for the system of 
5 Fig. 4 according to one embodiment of the invention, in which at least two sectors have 
different radii of coverage. 

Detailed Description 

The present invention is directed to an efficient high-capacity point-to-multipoint 
0 wireless communication system. 

In one embodiment, a wireless communication system according to the invention 
employs a dielectric lens-based sectored antenna system at a base station to transport 
data amongst one or more remote "fixed subscriber stations'* dispersed over a sectored 
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coverage area. Each subscriber station is fixed in location and may serve one or more 
end-users. The system of the invention transmits data to and receives data from the fixed 
subscriber stations over one or more independent two-way broadband wireless 
communication links for each sector of the coverage area. The system increases the 
5 capacity of any data carrier, or frequency channel used over the wireless communication 
links by reusing one or more channels amongst the sectors. Additionally, in one 
embodiment, the system is capable of simultaneously transmitting the data carriers of all 
of the independent two-way wireless links using the some polarization in each sector. 
In one embodiment, the wireless communication system of the invention also 

To includes a switching infrastructure which connects^fre~s~ectore^ 

external data network. The switching infrastructure transports data between the external 
data network and the fixed subscriber stations, or between two or more fixed subscriber 
stations, by way of the sectored antenna system. The antenna system is coupled to the 
switching infrastructure using an internal communication link which operates in a 
1 5 frequency range that is different from that of the two-way broadband wireless 

communication links between the antenna system and the fixed subscriber stations. 

In one embodiment, the external data network to which the wireless 
communication system of the invention is connected may be a local or wide area 
network, and in particular may be an Ethernet or packet-switched data network such as 
20 the Internet, or a telephony infrastructure using Internet protocol or other data protocol. 
Additionally, one or more of the fixed subscriber stations may itself be another base 
station according to the invention, allowing the system to be linked with a number of 
similar systems to form a wireless communication network backbone. In this manner, 
the wireless communication system of the invention may provide a variety of 
25 communication services to end-users at the fixed subscriber stations, such as video 

conferencing, telephony, high-speed Internet access, and two-way high-speed voice and 
data transfer. 

The wireless communication system of the invention may transmit data to and 
receive data from the fixed subscriber stations, or may be linked to similar wireless 
30 communication systems, using a variety of frequency spectra. In particular, the system 
of the invention may communicate to fixed subscriber stations using Multi -channel 
Multi-point Distribution System frequencies (the MMDS frequency spectrum) from 
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approximately 2.5 GHz to 2.7 GHz, which has several advantages in that it is fairly 
robust against rain and other potentially adverse environmental conditions. 

Figs. 1A and IB are diagrams of a wireless communication system according to 
one embodiment of the invention. The system shown in Figs. 1 A and IB includes one or 

5 more fixed subscriber stations 20, a base station 22, and a network operation center 

(NOC) 40. The fixed subscriber stations 20 are stationary in location, and are generally 
located remotely from the base station 22, for example at a distance of up to 
approximately 30 miles. The network operation center 40 may also be located remotely 
from the base station 22. For example, the base station 22 may be located on a rooftop 

i o or tower, and the network operation center 40 may be located within a building below 
the base station 22, as shown in Fig. IB. Similarly, the base station 22 may be located 
on a hilltop and the network operation center 40 may be located at a lower altitude, as 
shown in Fig. 1 A. In general, the base station 22 may be situated at a substantially 
higher altitude than the network operation center 40, and may be separated from the 

15 network operation center 40 by a distance of, for example, up to approximately 500 feet. 

In a preferred embodiment of the invention, the base station 22 has a substantially 
clear line of sight with the fixed subscriber stations 20, but other embodiments may not 
require this and may allow for at least a partially obstructed line of sight between the 
base station 22 and the fixed subscriber stations 20. As shown in Figs. 1 A and IB, the 

20 base station 22 transmits data to and receives data from the fixed subscriber stations 20 
over one or more two-way broadband wireless communication links 26, and transmits 
data to and receives data from the network operation center 40 over an internal 
communication link 34. 

Fig. 1C is a more detailed block diagram of the wireless communication system 

25 shown in Figs. 1 A and IB, according to one embodiment of the invention. In the system 
of Fig. 1C, the base station 22 includes a first port 24 through which data is transported 
to and from the fixed subscriber stations 20 over one or more two-way broadband 
wireless communication links 26. using one or more data carriers 28 and 30 within a first 
frequency range. The base station 22 also includes a second port 32 through which data 

30 is transported over an internal communication link 34 using one or more data carriers 36 
and 38 within a second frequency range. 

Examples of frequency ranges suitable for the data carriers of the two-way 
broadband wireless communication link 26 include, but are not limited to. the Multi- 
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point Distribution Services (MDS) spectrum from 2. 1 5 GHz to 2. 1 56 GHz, the Multi- 
channel Multi-point Distribution Services (MMDS) spectrum from 2.5 GHz to 2.686 
GHz, the Wireless Communication Services (WCS) spectrum, which is a 30 MHz band 
at approximately 2.3 GHz, the National Information Infrastructure (Nil) spectrum from 5 
GHz to 6 GHz, and the Local Multi-Point Distribution Services (LMDS) spectrum, near 
28 GHz. In general, the two-way broadband wireless communication link 26 may use 
data carriers within a frequency range of approximately 1 GHz to 40 GHz, including 
spectrum which may or may not be presently developed or licensed by the Federal 
Communications Commission (FCC). 

In a preferred embodiment of the system shown m Mgs. 1"A^C, the frequency 
range of the internal communication link 34 is different from the frequency range of the 
wireless communication link 26. For example, the wireless communication link 26 may 
preferably use MMDS spectrum from 2.5 GHz to 2.7 GHz, which is divided into 
approximately thirty frequency channels each having a bandwidth of approximately 6 
MHz. In contrast, the internal communication link 34 may use a spectrum having a 
range of approximately 10 MHz to 1000 MHz, which includes frequencies typically used 
for public and cable television broadcasting. Furthermore, in addition to using MMDS 
spectrum to communicate to one or more fixed subscriber stations, the wireless 
communication link 26 may use a band of spectrum in the vicinity of 12 GHz to 18 GHz 
to communicate with one or more other base stations (not shown) as part of a wireless 
"backbone" network, while the internal communication link 34 may use optical data 
carriers having frequencies in a range of approximately 10 GHz to 10 GHz. 

From the foregoing, it should be appreciated that a wide variety of frequency 
ranges for the two-way broadband wireless communication link 26 and the internal 
communication link 34 of the system shown in Figs. 1 A-C are suitable for purposes of 
the invention. Additionally, various physical media and communication protocols may 
be used for the internal communication link 34, depending in part on the choice of 
frequency range for the internal link. For example, the internal communication link 34 
may include one or more coaxial cables, fiber optic cables, internal wireless 
communication links or combinations thereof. Additionally, the data carriers of internal 
link 34 may include one or more unique frequency channels having a suitable bandwidth 
for a particular application, as discussed further below. 
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In Fig. 1C, the network operation center 40 is shown coupled to the internal 
communication link 34 and an external communication link 42, and serves to transport 
data between the base station 22 and the external communication link 42. Fig. 1 C also 
shows that the external communication link 42 couples the network operation center 40 

5 to an "external" data network 48. In a preferred embodiment of the invention, data 

network 48 is a packet-switched network, such as the Ethernet, and may be, for example, 
a local or wide-area network, the Internet, or a telephony infrastructure using Internet 
protocol or other data protocol. The wireless communication system of Fig. 1C couples 
one or more fixed subscriber stations 20 to the data network 48 to provide a variety of 

10 communication services to the fixed subscriber stations, such as, but not limited to, video 
conferencing, telephony, high-speed Internet access, and two-way high-speed voice and 
data transfer. 

Fig. 1C shows that the network operation center 40 may include one or more 
modems 44 coupled to the internal communication link 34 to transmit data to and receive 

1 5 data from the base station 22. The network operation center 40 may also include 
switching equipment 46 coupled to the external communication link 42 and to the 
modems 44 to transmit data to and receive data from any of the modems 44 in a 
predetermined manner, or between any of the modems 44 and the external 
communication link 42. 

20 The modems 44 modulate, or "encode," one or more data carriers of the internal 

communication link 34 with data received from the switching equipment 46 to transmit 
the data to the base station 22. The modems 44 also demodulate, or "decode," the data 
carriers received from the base station 22 over the internal communication link 34 to 
obtain or recover data, which the modems then transmit to the switching equipment 46. 

25 A variety of data carrier modulation and demodulation techniques may be 

employed by the modems 44. The modulation and demodulation techniques used by 
modems 44 in different embodiments of the invention may be based in part on the 
physical medium, the frequency range, and the communication protocol used by the 
internal communication link 34, as discussed further below. In a preferred embodiment 

30 of the invention, each modem 44 transmits data to and receives data from the base station 
22 using a unique pair of frequency channels as data carriers over the internal 
communication link 34. 
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Examples of modulation / demodulation techniques employed by the modems 44 
suitable for purposes of the invention include, but are not limited to, binary phase shift 
keying (BPSK), M-ary phase shift keying, and various types of quadrature amplitude 
modulation (QAM), including quadrature phase shift keying (QPSK or QAM-4). A 
variety of factors may influence the choice of a particular modulation / demodulation 
technique for the modems 44, such as spectral efficiency, robustness (susceptibility to 
error), and circuit complexity. These factors are discussed briefly below. 

Spectral efficiency (e) is a measure of the amount of data throughput, or capacity, 
a particular modulation / demodulation technique can support for a particular frequency 
— — channd^andwidthrand is^ per Herz (bps/Hz) by the 

expression 



where C is the data rate, or channel capacity, in bits per second (bps), and BW is the 
bandwidth of the frequency channel carrying the data, in Hz. Each particular modulation 
/ demodulation technique has an associated spectral efficiency s, and once a modulation / 
demodulation technique is selected, the effective bandwidth BW of a given frequency 
channel determines the channel capacity. The effective bandwidth of a frequency 
channel is generally a function of the shape of the signal spectrum used for the channel; a 
theoretical maximum bandwidth channel may be represented by a rectangular spectrum, 
while an example of a more commonly employed channel shape may be given by a 
raised cosine spectrum. 

Robustness refers to the amount of outside interference or "noise," for example 
additive white or Gaussian noise, transient noise bursts, and interference from other 
channels, that a modem can tolerate while reliably transmitting or receiving data carriers 
and insuring relatively error-free data transfer. The noise power in a given frequency 
channel is typically measured relative to some desired signal power in the channel, and is 
commonly expressed as a signal-to-noise ratio (SNR), in units of relative power, or 
decibels (dB). 
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A particular choice of modulation / demodulation technique for a modem 
typically involves a tradeoff between spectral efficiency, robustness, and circuit 
complexity; generally, more spectrally efficient modulation / demodulation techniques 
are less robust and require more complex circuitry. Fig. 2 shows a table comparing the 
spectral efficiency £ in bps/Hz, and the corresponding required SNR for various 
examples of modulation / demodulation techniques. From Fig. 2, it can be seen that 
modulation / demodulation techniques having higher spectral efficiencies £ have more 
stringent SNR requirements for a given frequency channel. Fig. 2 also shows examples 
of the data rate, or channel capacity, in megabits per second (Mbps) for different 
_jnadulationV_demodulat^ cosine spectrum channel 

bandwidth BW of 6 MHz. 

In a preferred embodiment of the invention, each modem 44 of the system of Fig. 
1C uses a QAM-4 modulation / demodulation technique for both transmitting data to and 
receiving data from the base station 22, but other embodiments may employ other 
modulation / demodulation techniques, as well as different techniques for transmitting 
and receiving in a single modem. From Fig. 2, it can be seen that the choice of a QAM-4 
modulation / demodulation technique requires a theoretical SNR for each frequency 
channel of approximately 14 dB or higher to insure a data error rate of 10E-6 
symbols/second. 

While the theoretical SNR requirement may serve as an appropriate guideline, in 
practice a more conservative engineering design specification for a wireless 
communication system according to one embodiment of the invention would include a 
"noise margin" of approximately 1 0 dB or higher, thereby bringing the actual required 
SNR for each frequency channel to approximately 24 dB or higher. Some aspects of 
system design which may contribute noise or interference to a frequency channel, and 
hence impact an overall "noise budget" as dictated by the theoretical or actual required 
SNR for each channel, are discussed further below in connection with Fig. 7. It should 
be appreciated that the SNR required by each modem 44 as a result of choosing a 
particular modulation / demodulation technique, which may or may not include a noise 
margin, is the starting point for the optimum design of a wireless communication system 
according to one embodiment of the invention. 

With reference again to Fig. 1C, in a preferred embodiment of the invention each 
modem uses a unique pair of 6 MHz bandwidth QAM-4 frequency channels over one or 
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more coaxial cables serving as the internal communication link 34. One channel of the 
pair is used for transmitting data and another channel of the pair is used for receiving 
data. As a result, in accordance with Fig. 2. each channel has a capacity of up to 
approximately 10 Mbps. The 6 MHz bandwidth of the channels is based upon a 
preferred choice of MMDS spectrum for the wireless communication link 26, in which 
the MMDS spectrum is divided into approximately thirty 6 MHz channels. It should be 
appreciated, however, that other choices of channel bandwidth are possible in other 
embodiments of the invention, and the spectral efficiency dictated by the modulation / 
demodulation technique employed by the modems 44 may be used to determine the 
channel capacity associated with a given bandwidth, as given by Eq. (1 ). Furthermore, 
in one embodiment, once a channel bandwidth is selected for any frequency channel, it 
may remain fixed during normal operation of the system, although other embodiments 

might not require this. 

Additionally, in the preferred embodiment, the internal communication link 34 
uses an intermediate frequency (IF) range approximately corresponding to public or 
cable television broadcast frequencies for the unique pair of frequency channels 
associated with each modem 44, wherein one channel of the pair preferably has a carrier 
frequency of approximately 10-40 MHz, and the other channel of the pair preferably has 
a carrier frequency of approximately 1 00-1 000 MHz. The lower carrier frequencies of 
the channels used over the internal communication link 34 make possible a significant 
separation between the base station 22 and the network operation center 40 without 
appreciable signal loss in the one or more coaxial cables used for the link 34. As a 
result, the base station 22 may be located on a rooftop of a tall building or on top of a 
tower while the network operating center 40 may be located in a building on the ground 
or on a lower floor, as discussed above. 

In other embodiments, the internal communication link 34 may use data carriers 
in a variety of frequency ranges over a variety of physical media in addition to or in 
place of one or more coaxial cables; for example, the link 34 may use one or more 
optical fibers and/or wireless links. Each modem 44 may also include a suitable link 
0 interface 45 to appropriately accommodate the frequency range used for the internal 
communication link 34. Examples of link interfaces suitable for purposes of the 
invention include, but are not limited to. intermediate frequency (IF), radio frequency 
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(RF), or optical frequency transceivers, which may be either integrated with, or discrete 
components coupled to, the modems 44. 

With reference again to Fig. 1C, the switching equipment 46 of the network 
operation center 40 may transport data between two or more fixed subscriber stations 20, 
or between any fixed subscriber station 20 and the external communication link 42. In 
particular, the switching equipment 46 transmits data to and receives data from a single 
modem 44, or transports data between two or more modems 44 or between any one of 
the modems 44 and the external communication link 42 in a predetermined manner. 
Examples of switching equipment 46 suitable for purposes of the invention include, but 
are not limited to, high-speed Ethernet switches, asynchronous transfer mode (ATM) 
switches, and data routers. 

Fig. 1C also shows that external communication link 42 is coupled to a data 
network 48, which may be, for example, a packet-switched data network. In packet- 
switched data networks, typically a source address and a destination address are included 
in a "packet" of data. The switching equipment 46 is preferably constructed and 
arranged so as to direct data, in the form of packets, between the data network 48 and an 
appropriate fixed subscriber station 20, or between two or more fixed subscriber stations 
20, as determined by the respective source and destination addresses of each data packet. 
In this manner, one or more fixed subscriber stations 20 communicate with one another 
and with the data network 48 through the switching equipment 46 via data packets. 

Fig. 1C also shows that the network operation center 40 may include a processor 
43 and a storage unit 47. The processor 43 may be, for example, one or more computers 
that serve to coordinate the activities of the modems 44, the switching equipment 46, and 
the storage unit 47, as discussed further below. 

The storage unit 47 may be used to archive any data transported through the 
switching equipment 46. The storage unit 47 may include various forms of memory or 
mass data storage, including one or more conventional hard disk drives, optical storage 
media, integrated circuit memory, or any combination of the above. The storage unit 47 
may be used to offer "data vaulting" services to one or more fixed subscriber stations. 
For example, the network operation center 40 can archive data received from one or 
more fixed subscriber stations 20 for a prescribed period of time using storage unit 47, 
and return some or all of the archived data upon a request by one or more of the same or 
different fixed subscriber stations at any time. 



WO 00/60885 PCT/USOO/07789 

- 17- 

In the wireless communication system of Fig. 1C, the first port 24 of base station 
22 may include an antenna system 24 to transmit and receive data carriers 28 and 30 
which transport data over the broadband wireless communication link 26. Additionally, 
the second port 32 of the base station 22 may include one or more transceivers 32, 
coupled to the internal data communication link 34 and to the antenna system 24 via link 
25 . The transceivers 32 convert the data carriers of wireless communication link 26 
received by the antenna system 24 to data carriers of the internal communication link 34 
which transport data to the network operation center 40. Similarly, the transceivers 32 
convert data carriers received over the internal communication link 34 from network 

operation center 40 to data carriers for transmission by the antenna system 24 over the 

wireless communication link 26. The antenna system 24 and the transceivers 32 are 
discussed in greater detail below, in connection with Figs. 4 and 5. 

\ 3 shows an example of a fixed subscriber station 20 according to one 
embodiment of ihe invention. In Fig. 3, the fixed subscriber station 20 is shown 
deployed in a structure 78, such as a residence, office building, or the like. The fixed 
subscriber station 20 preferably includes a directional antenna 60 which, for example, 
may be mounted to the structure 78 via mount 76 as shown in Fig. 3, or may be affixed 
to a tower in close proximity to structure 78. The directional antenna 60 transmits data 
encoded on one or more data carriers 30, and receives data encoded on one or more data 
carriers 28, to and from the base station 22 over the two-way broadband wireless 
communication link 26. 

In a preferred embodiment of the invention, the directional antenna 60 is a mesh 
parabolic antenna, although other types of antennas may be suitable for other 
embodiments. In general, however, the directional antenna 60 may be constructed and 
5 arranged so as to balance aesthetics, weight, and ease of installation with engineering 
requirements for low radiation sidelobes, high gain, and narrow focusing for the data 
carriers 28 and 30 of the wireless communication link 26. Such engineering 
requirements are in part dictated by the required SNR of the modems 44, as discussed 
above in connection with Fig. 2. Various system design parameters relating to antenna 
0 radiation patterns are discussed in greater detail below, in connection with Figs. 8-14. 
The directionality of antenna 60 may be particularly relevant in wireless communication 
backbone networks, in which two or more wireless communication systems according to 
the invention are deployed in close proximity and have tangential or overlapping 
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respective coverage areas in which data carriers having similar frequency ranges are 
used. 

The directional antenna 60 of the fixed subscriber station 20 shown in Fig. 3 is 
coupled via a link 62 to a subscriber transceiver 64 which is, in turn, coupled to an 
5 internal subscriber communication link 66. Preferably, the internal subscriber 

communication link 66 uses data carriers 68 and 69 within a frequency range that is 
different from that of the data carriers 28 and 30 of the wireless communication link 26. 

The subscriber transceiver 64 of Fig. 3 converts at least one data carrier 28 of the 
wireless communication link 26 received by the directional antenna 60 to at least one 
10 data carrier 68. Likewise, the subscriber transceiver 64 converts at least one other data 
carrier 69 from the internal subscriber communication link 66 to at least one other data 
carrier 30 of the wireless communication link 26 for transmission by the directional 
antenna system 60. The subscriber transceiver 64 may be constructed similarly to that of 
the transceivers 32 of the base station 22 shown in Fig. 1C, as discussed further below. 
15 Additionally, as with the internal communication link 34 between the base station 22 and 
the network operation center 40 of Fig. 1C, the internal subscriber communication link 
66 may include one or more coaxial cables, fiber optic cables, internal subscriber 
wireless communication links, or combinations thereof. 

The fixed subscriber station 20 shown in Fig. 3 also includes a subscriber modem 
20 70 to transport data between the internal subscriber communication link 68 and 

subscriber premises equipment 74, and to encode and decode the data carriers 68 and 69 
of the internal subscriber communication link 66. The subscriber modem 70 may be 
similar to the modems 44 of the network operation center 40 of Fig. 1 C, and are 
constructed and arranged to function cooperatively with modems 44 using similar data 
25 carrier modulation and demodulation techniques. However, it should be appreciated that 
while the modems 44 may be designed to transmit data to and receive data from a 
number of fixed subscriber stations, as discussed further below, the subscriber modem 70 
need only accommodate communication between the base station 22 and one subscriber 
station 20. The premises equipment 74 is coupled to the subscriber modem 70 via data 
30 link 72 and may include, for example, one or more personal computers, video monitors, 
telephones, and the like. Additionally, the premises equipment 74 may include a packet- 
switched network interface (not shown) to couple various end-user devices included in 
the premises equipment 74~to the data link 72. 
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While the fixed subscriber station 20 shown in Fig. 3 shows only one transceiver 
64 and one modem 70, the fixed subscriber station 20 may include more than one 
transceiver 64 and modem 70, respectively, and may use a number of data carriers to 
transport data over the internal subscriber communication link 66 and the wireless 
communication link 26. Each subscriber modem 70 may be coupled to a respective 
subscriber transceiver 64, as well as to respective premises equipment 74. 

Additionally, it should be appreciated that the fixed subscriber station 20 may 
have a number of actual "end-users." For example, the fixed subscriber station 20 may 
be an office building serving one or more businesses, a multiple dwelling unit including 



a number of residences, or a government facility having a number of branches. Each 
end-user of the fixed subscriber station 20 may have a unique address, so that data in the 
form of packets each having a source and destination address and transported between 
the base station and the fixed subscriber station may be directed appropriately by one or 
more subscriber modems 70 and by the switching equipment 46 of the network operation 
15 center 40, as discussed above. 

Fig. 4 is a more detailed diagram of the system illustrated in Fig. 1C, in which the 
base station 22 is shown transmitting data to and receiving data from several fixed 
subscriber stations 20. Each subscriber station 20 shown in Fig. 4 may be similar to that 
illustrated in Fig. 3, and may include a directional antenna 60, one or more subscriber 
20 transceivers 64, and one or more subscriber modems 70. In the system of Fig. 4, the 

fixed subscriber stations 20 are shown dispersed amongst a plurality of sectors 152, 252, 
and 352 within a coverage area 52 which is defined by an azimuth 50 around the base 
station 22. While Fig. 4 shows coverage area 52 spanning an azimuth 50 of less than 
360° and being divided into only three sectors, the coverage area 52 may span an 
25 azimuth of up to 360° and may be divided into any number of sectors having various 
widths. The number of sectors into which a coverage area is divided may be limited by 
practical system design requirements, as discussed further below. Accordingly, it should 
be appreciated that the following discussion of the system of Fig. 4 is for purposes of 
illustration only, and applies to systems according to various embodiments of the 
30 invention having any number of sectors within a coverage area of up to 360°. 

In the wireless communication system of Fig. 4, the base station 22 may transmit 
data to and receive data from the fixed subscriber stations 20 over an independent two- 
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way broadband wireless communication link for each sector of coverage area 52 using a 
number of data carriers in each sector. For example, in Fig. 4, wireless communication 
links 126. 226, and 326 respectively correspond to the sectors 152, 252, and 352 of 
coverage area 52. Using at least two data carriers on each link 126, 226, and 326 for 
5 purposes of illustration, the antenna system 24 of the base station 22 is constructed and 
arranged to transmit and receive radiation over communication link 126 in sector 152 in 
the form of data carriers 128 and 130. Similarly, the antenna system 24 is constructed 
and arranged to transmit and receive radiation in the form of data carriers 228 and 230 
over communication link 226 in sector 252, and data carriers 328 and 330 over 
10 communication link 326 in sector 352. 

In a preferred embodiment of the invention, the base station 22 is capable of 
simultaneously transmitting, via the antenna system 24, data carriers in all sectors of the 
coverage area 52. Furthermore, in the preferred embodiment, a polarization of the data 
carriers transmitted and received by the antenna system 24 is the same for all sectors of 
15 the coverage area 52. 

In Fig. 4, the data carriers of each independent wireless communication link 126, 
226, and 326 may include one or more pairs of frequency channels. Preferably, one 
frequency channel of a pair is used to transport "downstream" data from the base station 
22 to each of the fixed subscriber stations 20 in a given sector, while another frequency 
20 channel of the pair is used to transport "upstream" data from each of the fixed subscriber 
stations 20 in the given sector to the base station 22. For example, on communication 
link 126, frequency channel 128 is shown in Fig. 4 as transporting downstream data, 
while frequency channel 130 is shown as transporting upstream data. Similarly, Fig. 4 
shows that frequency channels 228 and 328 may be used to transport downstream data 
25 from the base station 22 to each of the fixed subscriber stations located in sectors 252 
and 352, respectively, while frequency channels 230 and 330 may be used to transport 
upstream data from each of the fixed subscriber stations of sectors 252 and 352, 
respectively, to the base station 22. For any wireless communication link, the frequency 
channels may be contiguous, or separated by approximately the bandwidth of each 
30 channel, or may be spaced farther apart within the spectrum designated for the 
communication link. 

In a preferred embodiment of the invention, each frequency channel of the 
independent wireless communication links 126, 226, and 326 has a fixed carrier 



WO 00/60885 PCT/US00/07789 

-21 - 

frequency during normal operation of the base station 22, and is used to transport data 
either to or from all of the fixed subscriber stations in a given sector. In particular, 
according to one embodiment, the frequency channels associated with a particular sector 
are not assignable to any one subscriber station within the sector. The non-assignable 
5 nature of the frequency channels in one embodiment of the present invention differs from 
dynamic frequency channel assignment and allocation schemes commonly used in 
wireless cellular networks for mobile subscribers, in which a number of frequency 
channels are available throughout a coverage area and dynamically assigned to a 
particular mobile subscriber on a per-connection basis, based upon noise and traffic 
10 conditions on the channels and the location of the mobile subscriber. 

To increase the capacity of any one frequency channel used in the wireless 
communication system shown in Fig. 4, one or more pairs of frequency channels used in 
each sector of the coverage area 52 are preferably reused in another sector; specifically, 
at least one pair of frequency channels is the same for at least two sectors. Furthermore, 
1 5 while the frequency channels used in any given sector may or may not be contiguous, as 
discussed above, in the preferred embodiment of the invention contiguous sectors do not 
use the same pairs of frequency channels. 

For example, in Fig. 4, according to a preferred embodiment of the invention, 
downstream channel 128 of sector 152 may have the same carrier frequency as 
20 downstream channel 328 of sector 352. Likewise, upstream channel 130 of sector 152 
may have the same carrier frequency as upstream channel 330 of sector 352. While in 
the example described above, sectors 152 and 352 use the same frequency channels for 
transporting upstream and downstream data, respectively, frequency channels 226 and 
228 of sector 252 would have carrier frequencies different from those of the channels 
25 used in sectors 1 52 and 352. Additionally, while in the preferred embodiment 

contiguous sectors of the coverage area do not use the same frequency channels, all of 
the frequency channels used in all of the sectors have the same polarization, as discussed 
above. 

In the wireless communication system of Fig. 4, the base station 22 preferably 
30 includes at least one transceiver 32 for each sector of the coverage area 52. Accordingly, 
for purposes of illustration. Fig. 4 shows three transceivers 32. each transceiver 
corresponding to a respective sector 152, 252, and 352. Each transceiver 32 may include 
a discrete transmitter to transmit a downstream frequency channel and a discrete receiver 
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to receive an upstream frequency channel, respectively, for each sector, or may be an 
integrated transceiver unit. While Fig. 4 shows only three transceivers corresponding to 
three sectors, more than one upstream or downstream frequency channel may be 
employed in any sector; hence, the base station 22 may include a dedicated transceiver 

5 for each upstream/downstream channel pair in a sector. Each transceiver 32 of the base 
station 22 may be coupled to the internal communication link 34. 

Similarly, Fig. 4 illustrates that the network operation 40 may include one 
modem 44 for each sector of the coverage area 52. Accordingly, for purposes of 
illustration, Fig. 4 shows three modems 44, each modem corresponding to a respective 

10 sector 152, 252, and 352. In the system of Fig. 4, each modem 44 transmits data to and 
receives data from a respective transceiver 32 over the internal communication link 34, 
as discussed above in connection with Fig. 1C. If more than one upstream or 
downstream frequency channel is employed in any sector, the network operation center 
40 may include a dedicated modem 44 for each upstream/downstream channel pair in a 

1 5 sector. 

In the preferred embodiment of the invention, each modem 44 of the system 
shown in Fig. 4 transmits data to and receives data from a respective transceiver 32 over 
the internal communication link 34 using a unique pair of frequency channels, one 
channel of the pair to transport upstream data, and another channel of the pair to 

20 transport downstream data. For example, as discussed above in connection with Fig. 1C, 
the data carriers 36 and 38 of the internal communication link 34 may include one 
dedicated internal channel pair per modem 44. Accordingly, in the example system 
shown in Fig. 4 having three sectors and one transceiver/modem pair per sector, the 
internal communication link 34 would include three unique pairs of internal frequency 

25 channels, or six unique frequency channels. Each internal frequency channel pair may 
be associated with a respective "external" frequency channel pair of a wireless 
communication link in one of the sectors of the coverage area 52, via the conversion 
provided by one of the transceivers 32 of the base station 22. 

It should be appreciated that while the internal communication link may include 

30 several unique frequency channels, at least some of the corresponding external frequency 
channels of the wireless communication links will have the same carrier frequency, 
according to one or more predetermined frequency reuse schemes, as discussed above. 
" Additionally, the internal communication link 34 may include, or be formed by. at least 
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two distinct media, for example two or more coaxial or fiber optic cables, two or more 
internal wireless communication links, or combinations thereof. For each distinct media, 
each second data carrier may have a unique carrier frequency in the second frequency 
range, while carrier frequencies amongst different media constituting the internal 
5 communication link 34 may be reused. For example, if the internal communication link 
34 includes a first coaxial cable and a second coaxial cable, each of the first and second 
coaxial cables may transport a second data carrier having a carrier frequency of, for 
example, 10 MHz, but each second data carrier transported by one of the first and second 
coaxial cables would have a unique carrier frequency. 
]0 To transport data to and from each fixed subscriber station 20 in a sector served 

by at least one pair of frequency channels, in one embodiment of the invention each 
internal frequency channel (and hence each external frequency channel) may include a 
plurality of time periods, wherein at least one time period is assigned to each fixed 
subscriber station within the sector. Typically, such an assignment of time periods is 
15 accomplished by the modem 44 associated with the sector and is conventionally referred 
to as time division multiple access (TDMA). Each modem 44 may assign at least one 
time period of an upstream frequency channel and downstream frequency channel to 
each fixed subscriber station within a corresponding sector. It should be appreciated that 
while TDMA may be employed within one or more sectors, the base station may 
20 nevertheless transmit and receive data simultaneously and independently in two or more 
sectors; namely, while communication within a given sector may be multiplexed, 
communication amongst the sectors may be continuous. 

The assignment of time periods by each modem 44 may in turn be controlled by a 
processor 43 of the network operation center 40. Each modem 44 may be capable of 
25 various communication protocols in which two or more time periods may be assigned to 
a particular fixed subscriber station within a sector. Furthermore, in a preferred 
embodiment of the invention, the processor 43 may control each modem 44 to 
dynamically assign an appropriate number of time periods to each fixed subscriber 
station within a sector based on a relative demand of the fixed subscriber stations within 
30 the sector, although other embodiment may use other criteria to dynamically assign time 
periods. For example, one fixed subscriber station in a given sector may be a business or 
multiple dwelling unit, including a number of individual businesses or residences as end- 
users, while another fixed subscriber station in the same sector may be a single family 
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residence. In general, the former fixed subscriber station would require more capacity 
from the communication link dedicated to the sector than would the latter. Accordingly, 
the processor 43 and the corresponding modem 44 at the network operation center 40 
would appropriately assign a number of time periods (for example, more time periods to 

5 the former subscriber station) in both the upstream and downstream frequency channels 
to accommodate the relative demands of the business or multiple dwelling unit and the 
single family residence. 

Additionally, the processor 43 and the modems.44 may designate time periods in 
both the upstream and downstream frequency channels for a given sector that are not 

10 assigned to any particular fixed subscriber station in the sector, but instead may serve as 
"spacers" in a transported data stream. In particular, such non-assigned time periods 
may be set aside as "synchronization" periods in each frequency channel to account for 
differences in propagation distance from the base station 22 to each fixed subscriber 
station in a sector. Such differences in propagation distance may result in differences of 

15 frequency channel signal arrival times amongst the fixed subscriber stations in a sector, 
in connection with receiving data at either the base station or the fixed subscriber 
stations. 

For example, if in a given sector a first fixed subscriber station is located 10 
miles from the base station and a second fixed subscriber station is located 20 miles from 
20 the base station, a frequency channel transmitted by the base station will take 

approximately twice as long to arrive at the second station as it would to arrive at the 
first. Likewise, a frequency channel transmitted by the second subscriber station would 
take approximately twice as long to arrive at the base station than would a frequency 
channel transmitted by the first subscriber station. Accordingly, non-assigned time 
25 periods may be designated in a frequency channel by the processor 43 and/or one or 
more modems 44 for purposes of synchronization, or correcting timing differences; 
amongst fixed subscriber stations in a sector. 

In another embodiment, data transported to and from each fixed subscriber 
station 20 in a sector served by at least one pair of frequency channels may be designated 
30 or assigned to a particular subscriber station using code division multiple access 

(CDMA). In CDMA, data associated with a particular subscriber station is modulated 
by, or correlated with, a unique digital reference code also associated with the particular 
subscriber station. Such correlation and associated decorrelation functions are typically 
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accomplished by the modem 44 associated with the sector. Each subscriber modem 70 
in the sector would correspondingly be capable of correlating and decorrelating data 
transmitted and received by each fixed subscriber station 20 with a respective unique 
digital reference code. 
5 In CDMA, the result of correlating the data with a digital reference code 

resembles a random or noise-like signal for each fixed subscriber station, which is 
transmitted over one of the frequency channels in the sector together with other noise- 
like signals corresponding to uniquely correlated data associated with other subscriber 
stations in the sector. At each subscriber modem 70 in the sector, the frequency channel 
Jo carrying the noise-like signals is demodulated and decorrelated with the respective 
digital reference codes to recover the data. 

In the system of Fig. 4, the switching equipment 46 of the network operation 
center 40 may transport data between any one of the modems 44 and the data network 
48. Additionally, switching equipment 46 may transport data between any two modems 
15 44, so as to direct data between fixed subscriber stations in different sectors, or may 

receive data sent by a particular fixed subscriber station in a given sector via a respective 
modem, and direct data back to the same modem so that the data is transmitted to another 
fixed subscriber station in the same sector. 

Additionally, as discussed above in connection with Fig. 1C, in one embodiment 
20 one or more of the fixed subscriber stations 20 dispersed throughout the coverage area 52 
of the system shown in Fig. 4 may be a base station, similar to base station 22, for 
another wireless communication system according to the invention. The base station 22 
in Fig. 4 may transmit data to and receive data from one or more other base stations 
within the coverage area 52 using the same data carriers of the independent wireless 
25 communication link associated with the sector in which the other base station is located, 
or using dedicated data carriers in a frequency range different from that of the wireless 
communication link associated with the sector. By coupling two or more base stations, 
two or more wireless communication systems according to the invention may be linked 
to form a wireless communication network backbone spanning two or more coverage 
30 areas. In another embodiment directed to coupling two or more base stations, one or 
more subscriber stations in a given sector may serve as either "relay stations" between 
two base stations, or alternatively as "common stations" for two or more base stations. 
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Fig. 5 is a detailed diagram of the base station 22 of the system of Fig. 4, 
according to one embodiment of the invention. The base station 22 of Fig. 5 includes a 
lens-based sectored antenna system 24 to transmit and receive the data carriers used for 
the independent two-way broadband wireless communication links in each sector of the 

5 coverage area 52. One example of a lens-based antenna design suitable for purposes of 
the invention includes, but is not limited to, a Luneberg lens formed by multiple layers of 
dielectric materials having different dielectric constants. For purposes of illustration, as 
in Fig. 4, the coverage area 52 shown in Fig. 5 is divided into three sectors 152, 252, and 
352, in which the independent wireless communication links 126, 226. and 326 

To respectively associated with each sector are shown symbolically as dashed lines. 

The sectored antenna system 24 is constructed and arranged to emit a respective 
radiation pattern of transmitted data carriers in each sector of the coverage area 52 so that 
the data carriers reach all of the fixed subscriber stations located within each sector. In a 
preferred embodiment of the invention, the sectored antenna system 24 includes a 

15 dielectric lens 124 having one or more focal points, wherein each focal point corresponds 
to one sector of the coverage area 52. In Fig. 5, for purposes of illustration, three focal 
points 182, 282, and 382 are shown for the dielectric lens 124, corresponding to sectors 
152, 252, and 352, respectively. 

The sectored antenna system 24 of Fig. 5 additionally includes one or more feed 

20 devices, located proximate to each focal point, to transmit and/or receive the data carriers 
in each sector. For example, in Fig. 5, feed device 1 80 located at focal point 1 82 
transmits and receives the data carriers used for communication link 126 in sector 152. 
Similarly, feed device 280 located at focal point 282 transmits and receives the data 
carriers used for communication link 226 in sector 252, and feed device 380 located at 

25 focal point 382 transmits and receives the data carriers used for communication link 326 
in sector 352. 

While Fig. 5 shows only one feed device to transmit and receive data carriers in 
each sector, one or more feed devices may be employed to transmit data carriers in each 
sector, while one or more other feed devices may be employed to receive data carriers in 
30 each sector. Examples of lens-based sectored antenna systems, including various feed 
device constructions and arrangements which are suitable for purposes of the invention, 
are described in three U.S. patent applications Serial Nos. 08/677,413, 08/963,039, and 
09/151,036. 
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The applications referenced above are directed to highly efficient sectored 
antenna systems which reduce sidelobe and backlobe radiation patterns of the data 
carriers transmitted in each sector. The improved radiation profiles of such sectored 
antenna systems reduce interference amongst different sectors, which in turn improves 
5 the overall performance of the system in view of a required signal-to-noise ratio (SNR) 
for a particular choice of data carrier modulation / demodulation technique, as discussed 
above in connection with Fig. 2. Additionally, such improved sectored antenna system 
allow for a 360° coverage area with an increased number of sectors, which in turn results 
in increased system capacity. Several engineering design considerations which effect 

10 S ystem^rfem^ee r and4n^^ a choice of 

radiation patterns and sector widths to minimize interference and hence maximize 
capacity, are discussed in greater detail below in connection with Figs. 7-1 7. 

Fig. 5 also illustrates that the base station 22 may include one or more tunable 
transceivers 32 coupled between the feed devices of antenna system 24 and the internal 
15 communication link 34. As discussed above in connection with Fig. 4, each transceiver 
32 converts data carriers received by the antenna system 24, from one of the independent 
wireless communication links 126, 226, and 326, to corresponding data carriers of the 
internal communication link 34. Similarly, each transceiver 32 converts data carriers 
from the internal communication link 34 to corresponding data carriers for transmission 
20 by the antenna system 24 over one of the independent wireless communication links 126, 
226, and 326. Preferably, the base station 22 includes at least one transceiver 32 for each 
sector of coverage area 52. 

In a preferred embodiment of the invention, the sectored antenna system 24 is 
located within close proximity of the transceivers 32 so as to minimize any possible 
25 signal attenuation. Each transceiver 32 may be coupled to one or more respective feed 
devices of the antenna system 24 using a low-loss connector. For example, in Fig. 5 the 
transceivers 32 are shown connected to feed devices 180, 280, and 380 using low-loss 
cables 125, 225 and 325, respectively, which may be coaxial cables having a short 
length. Other low-loss methods of connecting the transceivers 32 to the antenna system 
30 24, such as one or more fiber optic cables, may be employed to facilitate a greater 
separation between the antenna system 24 and transceivers 32. 

As discussed above in connection with Fig. 4, the transceivers 32 shown in Fig. 5 
may each include a discrete transmitter and receiver component, or may be integrated as 
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a single component transceiver. Additionally, each transceiver 32 may convert a pair of 
data carrier frequency channels for each sector (one channel for upstream data and one 
channel for downstream data) to internal frequency channels, or may convert multiple 
frequency channel pairs for each sector to internal frequency channels. Alternatively, as 
discussed above in connection with Fig. 1C, a number of transceivers 32 may be 
associated with each sector, for example, one transceiver for every frequency channel 
pair used in the sector. 

During normal operation of the base station 22, the carrier frequencies of the 
frequency ch annels used for each independent wireless communication link preferably 



10 



remain fixed. However, the transceivers 32 may be tunable, in that the carrier 
frequencies may be adjusted during calibration or set-up of the transceivers 32. In one 
embodiment of the invention, manual frequency channel adjustability of the transceivers 
32 is accomplished through synthesized local oscillators and operator-selectable ceramic 
filters. 

15 Preferably, both the base station transceivers 32 and subscriber transceivers 64 

are designed for low-noise operation. Any noise contributed by the transceivers at either 
the base station or the fixed subscriber units must be factored in to an overall noise 
budget for each communication link of the system, as discussed in connection with Figs. 
2 and 7. Particular transceiver design considerations which affect link noise budgets and 
20 overall system performance are discussed further below, in connection with Fig. 1 6. 

Fig. 6 is a diagram showing an example of a coverage area 52 of a sectored 
antenna system 24 which is designed to span an azimuth 50 of a full 360° around a base 
station 22 located at the center of the coverage area 52. In general, the coverage area 52 
may be divided into a number of sectors which is divisible by the number of unique pairs 
25 of frequency channels employed by the wireless communication system according to the 
invention. In one embodiment, the coverage area 52 is divided into an even number of 
approximately wedge-shaped contiguous sectors each having a substantially similar 
width. The relative position of a given sector around the coverage area 52 may be 
identified by a peak of a radiation pattern centered within the sector, as indicated in Fig. 
30 6 by rays 56 and 58 for the sectors numbered 1 9 and 20, respectively. For the coverage 
area shown in Fig. 6, the respective peaks of radiation patterns in any two sectors are 
separated by an angular distance, or azimuth 1 00. For example, Fig. 6 shows that the ray 
56 and 58 of the contiguous sectors numbered 19 and 20, respectively, are separated by 
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azimuth 100. If the coverage area 52 is divided equally into a number of sectors, each 
covering approximately the same area, the azimuth 100 between any two contiguous 
sectors also represents the sector width 54, given by the azimuth 0 SW , as indicated in Fig. 
6 tor the sector numbered 1 7. 
> In a preferred embodiment of the invention, the coverage area 52 is divided into 

22 approximately wedge-shaped sectors each having the same sector width 9 Jlr . For 
purposes of illustration, the sectors in Fig. 6 are sequentially numbered from 1 to 22; the 
sectors designated by reference characters 152, 252, 352, 452, and so on, correspond to 
the wedge-shaped sectors numbered 1, 2, 3, 4, and so on, respectively. While in Fig. 6 
10 each sector of the coverage area 52 is shown as wedge-shaped, each sector may have an 
arbitrary shape. In practice, the outline of the radiation pattern designated for each sector 
may have some curvature. Additionally, the radiation pattern designated for each sector 
max- overlap the geographic area of one or more neighboring sectors. Accordingly, it 
should be appreciated that while sectors are referred to for purposes of the invention as 
15 non-overlapping geographic areas, one radiation pattern designated for a given sector 
may overlap with another radiation pattern designated for another sector. A method 
according to the invention for determining an optimum sector distribution within a 
coverage area, and in particular a preferred sector width Q sw and hence a preferred 
number of sectors per a particular coverage area azimuth 50, is discussed further below 
20 in connection with Figs. 8-15. 

In Fig. 6, each sector of coverage area 52 preferably includes at least one 
independent two-way broadband wireless communication link to transmit data to and 
receive data from the fixed subscriber stations located in the; sector, as discussed above in 
connection with Figs. 4 and 5. For example, as shown in Fig. 6, independent two-way 
25 broadband wireless communication links 426, 526, and 626 are associated with sectors 
452, 552, and 652, corresponding to the sequentially numbered wedge-shaped sectors 4, 
5, and 6, respectively. 

In a preferred embodiment of the invention, alternate sectors of the coverage- 
area 52 shown in Fig. 6 use the same frequency channels for their respective independent 
30 wireless communication links. For example, one or more first pairs of frequency 

channels may be used to transport data in even-numbered sectors of coverage area 52. 
while one or more second pairs of frequency channels, different from the first pairs, may 
be used to transport data in odd-numbered sectors of coverage area 52. 
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In particular, Fig. 6 shows that sectors 452 and 652 each use frequency channel 
430 for upstream data and frequency channel 428 for downstream data over the 
independent wireless communication links 426 and 626, respectively. In contrast, sector 
552 uses frequency channel 530 for upstream data and frequency channel 528 for 
5 downstream data over independent wireless communication link 526. Similarly, while 
not shown explicitly in Fig. 6, in one example of an alternate sector frequency reuse 
scheme according to the invention, each of the even-numbered sectors would use 
frequency channel 430 for upstream data and frequency channel 428 for downstream 
data over their respective independent wireless communication links. Likewise, each 
To odd numbered sector would use frequency channel 530 for upstream data and frequency 
channel 528 for downstream data over their respective independent wireless 
communication links. One example of frequency channel carrier frequencies in the 
MMDS spectrum suitable for purposes of the invention includes, but is not limited to, 
2.665 GHz for upstream channel 430 and 2.503 GHz for downstream channel 428, and 
15 2.659 GHz for upstream channel 530 and 2.509 GHz for downstream channel 528. 

In one embodiment of the alternate sector frequency reuse scheme illustrated in 
Fig. 6, only two different pairs of frequency channels are required throughout 
the coverage area 52, one pair for all of the even-numbered sectors, and another pair for 
all of the odd-numbered sectors. By reusing a frequency channel amongst a number of 
20 sectors, the data capacity of the frequency channel in a given coverage area is essentially 
multiplied by the number of sectors in which the frequency channel is used. It should be 
appreciated, however, that while in the preferred embodiment only one frequency 
channel pair is used for each sector in Fig. 6, a plurality of channel pairs may be used for 
each sector, as well as different reuse plans amongst the sectors. Indeed, a completely 
25 customized frequency reuse plan, for example frequency reuse in every third or fourth or 
fifth sector, etc., or frequency reuse in only particular arbitrarily designated sectors, may 
be implemented according to other embodiments to suit a highly customized system. 

As discussed above in connection with Figs. 1C and 2, the "choice of modulation / 
demodulation technique used by any one of the modems 44 of the network operation 
30 center 40, as well as the subscriber modems 70 of the fixed subscriber stations 20, to 
encode and decode the frequency channels of the wireless communication links 
throughout the coverage area determines a minimum signal-to-noise ratio (SNR) 
requirement for the communication links. In a preferred embodiment of the invention. 
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each two-way communication link of the system has an upstream data frequency channel 
and a downstream data frequency channel, and is associated with one modem 44 at the 
network operation center 40 and at least one subscriber modem 70 at a fixed subscriber 
station 20, which serve as terminations for the given communication link. Between the 
two modem terminations of any given communication link, potential sources of noise 
along the link may contribute to a "noise budget" that is limited by the SNR 
requirements of the modems to insure reliable, virtually error-free data transport over the 
link, for example a data error rate of 1 0 E-6 symbols/second or lower. A primary 
engineering design consideration of a wireless communication system according to the 
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20 



25 



invention is to insure that all potential sources of noise along any communication link in 
the system are minimized so that the noise budget for any link is not exceeded. 

Fig. 7 shows an example of a downstream data portion (base station to subscriber 
station) of one communication link of the system shown in Fig. 4, which for purposes of 
illustration is shown in Fig. 7 as originating from a modem 44 at the network operation 
center 40, and terminating at a subscriber modem 70. The downstream data is 
transported across the communication link shown in Fig. 7 via a succession of frequency 
channels 38, 28, and 68, which may have different carrier frequencies but typically have 
similar bandwidths. 

Potential sources of noise along the communication link illustrated in Fig. 7 may 
include: 1) noise contributed by any link interface 45, such as an IF, RF, or optical 
transmitter, that may be employed by modem 44 to transmit the frequency channel 38 
across internal communication link 34; 2) environmental disturbances that affect the 
internal communication link 34; 3) noise contributed by the transmit circuitry of the 
base station transceiver 32; 4) environmental disturbances that affect the link 25 
between the transceiver 32 and the antenna system 24; 5) sidelobes and backlobes of 
radiation patterns emitted by the antenna system 24 in other neighboring sectors which 
use frequency channel 28 (which therefore interfere with the wireless communication 
link 26 also using frequency channel 28); 6) environmental disturbances that effect the 
link 62 between the directional antenna 60 of the fixed subscriber station 20 and the 
subscriber transceiver 64; 7) noise contributed by the receive circuitry of the subscriber 
transceiver 64; and 8) environmental disturbances that affect the internal subscriber 
communication link 68. 
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From the foregoing list of potential noise sources, in general the largest 
contributing source to the overall noise budget of the communication link shown in Fig. 
7 is the undesired signal level in the wireless communication link 26 due to interference 
from other sectors in the coverage area that use the same frequency channel 28. 
Accordingly, a discussion of wireless communication system designs according to the 
i m ention which minimize contributions to a limited noise budget should first address 
an> factors which may influence such interference from neighboring sectors using the 
same frequency channel. 

: The radiation pattern emitted by the feed devices of antenna system 24 associated 
with any one sector of a coverage area may present a source of interference in a number 
of other sectors within the coverage area, particularly those sectors which use one or 
more same frequency channels. Different sectored antenna system designs result in 
different radiation patterns, and achieve different degrees of isolation between sectors, as 
discussed in U.S. Patent Applications 08/963,039 and 09/1 5 1 ,036, referenced above. For 
any given radiation pattern, however, the amount of undesired signal level in a sector is 
typically a function of the various signal powers radiated by the antenna system, as well 
as the sector width B sw , which ultimately determines the proximity of potential sources of 
interference. 

In view of the foregoing, at least one advantage provided by the present invention 
includes a method for determining an optimum sector distribution within a coverage 
area, and in particular, an optimum sector width 9 W given a radiation pattern for each 
sector. According to the method of the invention, a sector width 0™ may be determined 
which minimizes the undesired signal level while maintaining a sufficiently uniform 
distribution of the desired signal level in each sector. For each frequency channel used 
in a sector, a ratio of the desired-to-undesired signal level, or D/U ratio, may be 
evaluated as a function of the sector width Q sw . In a preferred embodiment, the method 
of the invention determines an optimal sector width Q sw which maximizes the D/U ratio 
for each sector, based on a given radiation pattern. Conversely, in other embodiments, 
the method of the invention may be implemented to determine an optimum radiation 
0 pattern, given a sector width, which maximizes the D/U ratio for each sector. The 

various embodiments of such a method according to the invention may be implemented 
using software, for example, in the form of a simulation program. 
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Fig. 8 shows a plot of an example of an antenna radiation pattern 96 emitted by 
one or more feed devices associated with one frequency channel of a particular sector of 
a coverage area. The radiation pattern 96 represents the geographic area which a 
frequency channel transmitted by the feed devices covers, and the relative signal strength 
5 of the frequency channel throughout this area. As discussed above in connection with 
Fig. 6, while a sector designates a fixed geographic area that does not overlap with any 
other area, in which subscriber stations preferably receive one or more frequency 
channels specifically designated for the sector. Fig. 8 shows that a radiation pattern 96 
designated for a particular sector may indeed span a geographic area larger than that 
10 corresponding to the sector. 

In general, a radiation pattern emitted into a sector of a coverage area represents a 
far-field pattern G(G) which can be measured or predicted. Alternatively, the pattern 
G(0) may be a transform of a near-field radiation profile generated by one or more feed 
devices through one or more apertures in the dielectric lens 124 of the antenna system 24 
15 shown in Fig. 5. Accordingly, different radiation patterns are possible, depending in part 
on the type of feed devices used, the spatial relationship between one or more feed 
devices and one or more apertures, and the physical properties of the dielectric lens 124. 
These topics are discussed in greater detail in U.S. Patent Applications, Serial Nos. 
08/963,039 and 09/151,036, referenced above. 
20 As seen in Fig. 8, a radiation pattern G(Q) associated with one sector may span an 

entire 360° azimuth. In Fig. 8, the horizontal axis indicates the azimuth 50 within a 360° 
coverage area given by an angle 0 in degrees, while the vertical axis indicates relative 
signal level in decibels (dB). The radiation pattern 96 of Fig. 8 includes a main lobe 102 
having a peak 97, used as a reference for relative signal level (0 dB) and shown for 
25 purposes of illustration as coinciding with a 0° reference position. The radiation pattern 
96 of Fig. 8 also includes a number of secondary sidelobes 104, which are distributed 
throughout the entire 360° coverage area. 

While the main lobe 102 shown in Fig. 8 is intended to cover the geographic area 
associated with one sector of the coverage area 52, both the main lobe 1 02 and the 
30 sidelobes 104 may contribute undesired signals in other sectors of the coverage area, 

particularly those sectors which use the same frequency channel as radiation pattern 96. 
In the following discussion, first the interference due to the main lobe 102 of a given 
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sector in neighboring same frequency channel sectors as a function of sector width Q S w is 
considered qualitatively, followed by a more comprehensive quantitative analysis of the 
interference as a function of sector width 9 JH . due to both the main lobe 102 and the 
sidelobes 104 of a given sector in all other sectors of the coverage area using the same 
5 frequency channel. 

Fig. 9 is a diagram showing the approximate main lobe profiles of radiation 
patterns emitted by the devices 1 80, 280, and 380 of the sectored antenna system 24. In 
Fig. 9, main lobe 1 102, which covers primarily sector 152, corresponds to feed device 
180. Likewise, main lobe 2102, which covers primarily sector 252, corresponds to feed 
10 device 280, and main lobe 3 102, which covers primarily sector 352, corresponds to feed 
device 380. It is assumed for purposes of the following discussion that the radiation 
patterns, and hence the main lobes 1 102. 2102, and 3102, generated by each of the feed 
devices 180, 280, and 380 have essentially identical spatial profiles, although other 
embodiments may not require this. 
15 In Fig. 9, the sector width 54 of each sector 152, 252, and 352 is given by the 

angle Q sw between points of intersection of adjacent main lobes. For example, ray 85 
passes through the point of intersection 89 between main lobes 1 102 and 2102. 
Similarly, ray 86 passes through the point of intersection 85 between main lobes 2102 
and 3 102. Accordingly, the sector width 54 is shown in Fig. 9 as the angle 0^. between 
20 ray 85 and ray 86. Like the profiles of the main lobes 1 102, 2102, and 3102, the sector 
width Q sw for each of sectors 152, 252, and 352 is assumed to be equal in Fig. 9, although 
other embodiments may not require this. 

Also shown in Fig. 9 is ray 397, which denotes the peak 81 of the main lobe 3102 
in sector 352. In a manner similar to that denoted by ray 97 of Fig. 8 for the main lobe 
25 102 of radiation pattern 96, ray 397 may serve as a reference position at the center of 

sector 352. The angle 88 between ray 397 and ray 86 represents the half- width of sector 
352, which is shown for example in Fig. 9 as approximately 7.5°. Accordingly, the 
width of each sector 152, 252, and 352 in the example of Fig. 9 is approximately 15°. It 
should be appreciated that the width of any given sector, as defined in Fig. 9, is not 
30 necessarily related to the profile of a main lobe of a radiation pattern; rather, as discussed 
above, for purposes of the present discussion, the sector width is defined by the angle 
between points of intersection of the main lobes in adjacent sectors. 
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Fig. 10 is a diagram similar to that of Fig. 9 showing the same main lobe profiles 
for each of sectors 152, 252, and 352. However, in Fig. 10 the half-width 88 of each 
sector has been reduced to 5°. Accordingly, the sector width 54 has been reduced from 
15° in Fig. 9 to 10° in Fig. 10. 
5 As can be seen from a comparison of Figs. 9 and 10, for a given radiation pattern 

and hence, for a given main lobe spatial profile, the degree of overlapping of 
neighboring main lobes is a function of the choice of sector width 54. Accordingly, 
smaller sector widths 54 result in a greater degree of overlapping of main lobes and, 

corLverselyJarge sector widths 54 result in a smaller degree of overlap ping. Since it is 

1 o this overlapping of main lobes that serves as one source of interference in neighboring 
same frequency channel sectors, smaller sector widths 54 and hence a higher degree of 
overlapping of main lobes generally results in a higher degree of interference or 
undesired signal in neighboring sectors. However, smaller sector widths generally result 
in a more uniform distribution of desired signal level in each sector. Accordingly, the 
15 objectives of reduced interference and increased uniformity are preferably balanced in a 
determination of optimum sector width, as discussed further below. 

Conversely, if the sector width 54 is fixed, a smaller or greater degree of 
overlapping may be achieved by varying the radiation pattern for each sector, and hence, 
narrowing or widening the profile of the main lobe. As discussed above in connection 
20 with Fig. 8, various radiation patterns may be suitable for purposes of the invention and 
are functions of the construction and arrangement of the sectored antenna system 24. 
Accordingly, while the following discussion focuses on determining an optimal sector 
width Q sw for a given radiation pattern, it should be appreciated that both sector width and 
radiation pattern are variables that may affect D/U ratios, and an optimum radiation 
25 pattern may be determined for a fixed sector width to minimize interference amongst 
sectors while maintaining desired signal uniformity in each sector. 

According to one embodiment of the invention, contiguous sectors of coverage 
area 52 do not use the same frequency channels to transport data. In particular, as 
discussed above in connection with Fig. 6, in a preferred embodiment of the invention 
30 alternate sectors of coverage area 52 use the same frequency channels to transport data. 
Applying such a frequency reuse scheme to the example of Fig. 9, it is assumed that 
sectors 1 52 and 352 use the same frequency channels to transport data. Accordingly, the 
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following discussion focuses on the interference in sector 352 due to main lobe 1 102 
(and applies equally to the interference in sector 152 due to main lobe 3102). 

In Fig. 9, any fixed subscriber stations in sector 352 located along ray 397, which 
passes through the peak 81 of main lobe 3102, receive the maximum signal level of the 
5 frequency channels transmitted in sector 352. Point 83 on ray 397 represents the 

radiation signal level due to the main lobe 1 102 of sector 1 52 along ray 397. Since it is 
assumed that sector 152 uses the same frequency channels as sector 352 in this example, 
the point 83 represents the undesired signal level from sector 152 in sector 352 along the 
ray 397. Accordingly, the length of line 82 represents the difference in same frequency 

TO cHanneTsignal level along ray 397, and hence, the most favorable or maximum D/U ratio 

in sector 352. 

Similarly, in Fig. 9 ray 86 passes through point 85 at the intersection of main 
lobes 2102 and 3102. In the example of Fig. 9, lobes 2102 and 3102 are associated with 
different frequency channels, used in contiguous sectors 252 and 352, respectively. 

15 Fixed subscriber stations located along ray 86 are on a boundary between sectors 252 
and 352, and may choose to transmit and receive data on the frequency channels 
designated for either sectors 252 or 352. However, for purposes of this discussion, it is 
assumed that fixed subscriber stations located along ray 86 choose to transmit and 
receive data using the frequency channels designated for sector 352. As can be seen in 

20 Fig. 9 ? fixed subscriber stations located along ray 86 at the boundary of sector 352 
receive the minimum desired signal level in that sector. 

The point 87 in Fig. 9 indicates the radiation signal level of main lobe 1 102 of 
sector 1 52 along the ray 86. Since it is assumed that main lobe 1 1 02 and main lobe 3 1 02 
represent radiation patterns of the same frequency channels in this example, and since it 

25 is assumed that fixed subscriber stations located along ray 86 use the frequency channels 
designated for sector 352, the point 87 represents the undesired signal level for fixed 
subscriber stations located at the boundary of sector 352 along the ray 86. Accordingly, 
the length of line 84 represents the least favorable D/U ratio for sector 352. 

The effect on maximum and minimum D/U ratios in each sector as a function of 

30 the sector width 54 is qualitatively indicated in Fig. 10 by the relative lengths of lines 82 
and 84. From Fig. 10, in which the sector width 54 is reduced from that of Fig. 9, it can 
be seen that the maximum D/U ratio represented by the length of line 82 is reduced from 
that of Fig. 9. Similarly, the minimum D/U ratio represented by the length of line 84 is 
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reduced from to that of Fig. 9. The result in Fig. 10 suggests that, given a radiation 
pattern for each sector, there is some minimum sector width beyond which further 
reductions in sector width result in an undesirable reduction in both maximum and 
minimum D/U ratio for each sector. 
5 Conversely, if the sector width is increased in an effort to reduce interference 

from neighboring sectors, the variation of desired signal levels across a given sector may 
become excessive. This effect is undesirable, since it is preferred that all fixed 
subscriber stations in a sector receive approximately the same signal level for each 
frequency channel, and hence, receive reliable service from anywhere in the sector. Fig. 
10 11 shows the difference in radiation signal levels between the peak 81 of main lobe 3102 
for fixed subscriber stations located along ray 397 in the center of sector 352, and signal 
levels at the intersection point 85 for subscribers located along ray 86 at the boundary of 
sector 352. The difference in radiation signal level between these two locations is 
qualitatively illustrated by the length of line 94. As the sector width is increased for a 
1 5 given radiation pattern, the length of line 94 increases, indicating a higher variation of 
radiation levels throughout sector 352. 

More specifically, some minimum desired signal level is required by subscriber 
stations located at or near a sector boundary, as indicated for example in Fig. 1 1 by point 
85 along ray 86 for sector 352. Increasing the sector width may reduce the desired signal 
20 level at the boundary to an inoperable level below the minimum requirement. In general, 
since the desired signal level at a sector boundary decreases more rapidly than the 
undesired signal level with increased sector width, a less favorable minimum D/U ratio 
at the sector boundary results with increased sector width. 

In sum, increasing sector width, or alternatively narrowing the profile of a main 
25 lobe of a radiation pattern with respect to sector width, reduces interference from nearby 
same frequency channel sectors but at the expense of increasing variation of radiation 
levels across a sector and decreasing D/U ratio at or near a sector boundary. 
Accordingly, any method of determining an optimum sector width or radiation pattern to 
maximize D/U ratio should take these competing effects into consideration, and aim to 
30 maximize D/U ratio while maintaining sufficient signal uniformity throughout a sector. 
While the foregoing discussion of D/U ratios was focused primarily on 
interference from the main lobes of neighboring sectors using the same frequency 
channels, in practice the entire radiation pattern from all sectors within a coverage area. 
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and specifically those sectors using one or more same frequency channels, should be 
considered for an accurate determination of D/U ratio in any one sector. In particular, as 
discussed above in connection with Fig. 8, the radiation pattern 96 associated with a 
given sector may include several sidelobes 104 in addition to main lobe 102, which 

5 indicate that the frequency channels designated for a particular sector may actually 

radiate some signal throughout the entire coverage area 52. Accordingly, the method of 
the invention for determining an optimum sector distribution within a coverage area 
evaluates the interference in a given sector due to both neighboring main lobes as well as 
sidelobes from all other se ctors within the coverage area using the same frequency 

10 channels. 

Fig. 12 shows an example of one possible sector distribution within a coverage 
area 52, superimposed on a plot of the radiation pattern 96 of Fig. 8. In the graph of Fig. 
12, the boundaries of each sector are indicated by the alternating plot 106. For purposes 
of illustration, each sector is initially chosen to have a sector width 54 of 0 Jlr = 20° , 

1 5 resulting in a total of 1 8 sectors in a 360° coverage area. In the example sector 

distribution of Fig. 12 the sector width Q sw is chosen to be approximately equal to the 
width of the main lobe 102 at the -10 dB points 108 and 1 10, but other choices of sector 
width are suitable for purposes of various embodiments of the method according to the 
invention. In general, however, it is assumed for purposes of the present discussion that 

20 any candidate sector width Q sw results in a whole number of sectors within a coverage 

area spanning 360°. Furthermore, in the preferred embodiment of the invention in which 
alternate sectors use the same frequency channels, it is assumed that any candidate sector 
width 6^, results in an even number of sectors within the coverage area. It should be 
appreciated, however, that the coverage area may span less than 360° , and that the 

25 coverage area may be divided into an arbitrary number of sectors having a variety of 
sector widths. 

In Fig. 12, the peak of main lobe 102, indicated by ray 97, is shown centered in 
the sector numbered 1 at a 0° reference position. Sector 1 therefore has boundaries 
indicated at ±10° on the horizontal axis of Fig. 12. From sector 1, the sectors are 
30 sequentially numbered left to right, or "clockwise" from 2 through 10, up to the right- 
most portion of Fig. 12 labeled at +180°. The sequential numbering of the sectors 
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continues on the left-most side of Fig. 12, with sector 10 at -1 80°, and continues through 
to sector 18, which is centered at an azimuth of -20° from the reference position. 

As can be seen in Fig. 12, each sector includes a portion of radiation pattern 96 
resulting from the sidelobes 104. From Fig. 12. it can also be seen that for different 

5 values of sector width G JW , different sidelobes 104 may fall within the boundaries of each 
sector; hence, as discussed above, the interference in a given sector due to sidelobes 
associated with a given radiation pattern is a function of the sector width Q sw . 

Fig. 13 is a graph showing plots of two identical radiation patterns 96 and 98 for 
two respective sector s of the coverage area 52. As in Fig. 12, it is assumed that radiation 

10 pattern 96 corresponds to the sector numbered 1, centered at a 0° reference position, and 
may be represented by the function G(G), as in Fig. 8. A peak of the main lobe of 
radiation pattern 98, centered in some other sector is indicated by ray 99 and is shown 
shifted from the peak of the main lobe 102 in sector 1 by an angle 100, given by a„. 
Accordingly, the radiation profile 98 for sector n may be represented by the function G n 

15 = G(0-a„), which is merely the profile G(0) shifted by an angle a n from the 0° reference 
position. 

It is assumed for purposes of the following discussion that in all sectors n of the 
coverage area 52, the antenna system simultaneously transmits radiation patterns having 
substantially identical spatial profiles similar to the radiation patterns 96 and 98. For a 
20 360° coverage area divided into n sectors having equal widths G, 7 as shown for example 
by plot 106 of Fig. 12, the angle a„ for a given sector n may be expressed in terms of 
multiples of sector widths, by a n = 9^. * (w-1), where n = l....(360/8 w )- Accordingly, 
the radiation pattern G„ for any sector /?, referenced to sector 1, may therefore be given in 
terms of the sector width Q sw by 

G„ = G(0- 9 sw *[n-l]) . n = 1.^(360/ Q S J . (2) 

25 where G; = G(9), as expected. For example, if in Fig. 1 3 it is assumed that the radiation 
pattern 98 is associated with sector 3, then G 3 = G(9 - 2*9™), where the angle 100 is 
given by aj = 2*6^,, . 

With reference again to Fig. 12, the boundaries of each sector indicated by plot 
106 may be given as an angle Q s „ from the 0° reference position. These boundary angles 

30 8,„ may also be expressed in terms of the sector width 0 5W , by 
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9sn = 0s« * (n-1/2) , (3) 



where G,„ is the angle from the 0° reference position to the boundary between sector n 
and and n = l....(36O/0 51i .). Using this formulation, any sectors illustrated to the 

left of sector 1 in Fig. 12 have boundaries indicated at positive angles from the 0° 
reference position (from +180° to 360°), rather than the equivalent negative angles as 
shown in Fig. 12 (from -1 80° to 0°). Of course, the actual location of the sector 



boundaries indicated by either representation is the same. 

With reference again to Fig. 13, from Eqs. (2) and (3), for a given sector width 
0 5ir; a ratio [D\/U\ n ] which compares the desired signal level in sector 1 (from the main 
10 lobe 102 of radiation pattern 96) to the undesired signal level in sector 1 due to the 

sidelobes from any other sector n using the same frequency channels, may be expressed 
in terms of relative power by 

[D./V.JO) - -^j- G(0 _ e ^ [n _ 1]) * pt • 

where pi is the complex power associated with the radiation pattern G\, P« is the complex 
power associated with the radiation pattern G,„ and the angle 0 is swept through sector K 

15 i.e. Q S (360/9sv>) S 0 < Qs/ • Accordingly, the relation given by Eq. (4) results in a plot of D/U 
ratio vs. angle within sector 1 for a given sector width G JW - A minimum of such a plot 
represents a "worst case" D/U ratio in sector 1 due to interference from sector n. 

The above analysis may be extended to include the undesired signal levels in 
sector 1 due to sidelobes from all sectors n in the coverage area using the same frequency 

20 channel, by summing the undesired signal levels from each same frequency channel 
sector n. If frequency reuse in alternate sectors is assumed, as in the preferred 
embodiment of the invention, the sum of the undesired signal levels £7/(0) in sector 1 due 
to ail other sectors using the same frequency is given by 



(360/o.^> 

u,(0) = Z G » P>< ' (5) 

/i = J. ;i tnhl 
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where again the angle G is swept through sector 1, i.e. Q s <360Ar») < 9 < ©*/ , and only signal 
contributions from odd numbered sectors are summed. Using Eqs. (4) and (5), a ratio 

7 which compares the desired signal level in sector 1 to the total undesired signal 
level in sector 1 due to sidelobes from all other sectors n using the same frequency 
channel, may be expressed in terms of relative power by 



* n ' ( 6 > 

n — 3, n txid 



Z G » r» 



Similarly to Fq. (4), the relation given by Eq. (6) results in a plot of D/U ratio vs. angle 
within sector 1 for a given sector width Q sw . A minimum of such a plot represents a 
"worst case'* D/U ratio in sector 1 due to interference from all sectors n using the same 

10 frequency channel. 

While the analysis leading up to Eq. (6) may be cumbersome, even with the 
simplifying assumptions of substantially identical spatial profiles for the radiation 
patterns in each sector, equal sector width, and frequency reuse in alternate sectors, Eq. 
(6) nevertheless provides an accurate assessment of D/U ratio in a given sector, based on 

15 the radiation pattern of the sector and the radiation pattern of each sector using the same 
frequency channel. For each choice of sector width Q sw , a D/U plot having an associated 
minimum D/U ratio may be generated for a given sector. An optimum sector width G^ ir 
may be determined by selecting the sector width which results in the highest minimum 
D/U ratio for the sector. 

20 While the foregoing discussion was directed to determining an optimum sector 

width Q S w based on a plot of D/U ratio for sector 1, which would be identical for all 
sectors n in view of the simplifying assumptions, the principles outlined above apply 
equally in determining an optimum sector width for each sector of a coverage area 
having various radiation patterns amongst the sectors, various sector widths, and 

25 arbitrary frequency reuse schemes. For coverage areas spanning up to 360° ? in which 
different radiation patterns and sector widths amongst two or more sectors are used, as 
well as an arbitrary or custom frequency reuse scheme, the parameters of the method of 
the invention outlined above may be modified to take into consideration any portion of 
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any radiation pattern throughout the coverage area that may contribute to interference or 
undesired signal in a given sector of interest. Moreover, the complex powers % of 
respective radiation patterns G„ may be arbitrarily selected and different for two or more 
sectors, which may result in different radii of coverage amongst the sectors, as discussed 

5 further below in connection with Fig. 1 9. Nonetheless, Eq. (6) takes the complex power 
p„ of each radiation pattern G„ into consideration in determining a plot of D/U ratio in a 
given sector of interest. 

Additionally, it should be appreciated that, while in the foregoing analysis the 
sector width was varied while the radiation patterns were assumed to be fixed, a similar 

10 analysis of the D/U ratio in a given sector may be performed, in which sector width is 
held constant while the radiation patterns G„ are varied for one or more sectors, to 
determine radiation patterns which maximize D/U ratios in the sectors for fixed sector 
widths. 

The method of the invention outlined above may be significantly simplified while 

1 5 nonetheless providing a suitable D/U ratio for purposes of a practical noise budget 

analysis of a communication link according to the invention. Recall from the discussion 
in connection with Figs. 9 and 10 that the minimum desired signal level in a sector n is 
generally found at the sector boundaries. This minimum desired signal level D mm n may 
be used as a "worst case" reference for the desired signal level in calculating the D/U 

20 ratio in a sector «, rather than the actual profile G„ of the main lobe in the sector n. 

Similarly, maximum or average values of sidelobes from any interfering same frequency 
sectors, for example «+2, n+4, etc. in an embodiment employing an alternate sector 
frequency reuse scheme, may be used as references for the undesired signal level in the 
sector n, rather than the actual profiles G n + 2 * G n +4, etc. of the sidelobes in the sector 

25 n. The simplification of this approach is that a single maximum or average value, rather 
than a series of values as a function of angle, is obtained for the total undesired signal 
level in sector n. This single value may then be compared to the value D mm , n to 
determine a single conservative D/U ratio in sector n for each choice of sector width 0 5 „- 5 
rather than a plot of D/U ratios vs. angle. 

30 Fig. 14 is the graph of Fig. 12, additionally showing plots of the maximum and 

average signal levels in each sector due to the sidelobes 104 of the radiation pattern 96. 
In Fig. 14, the point 1 10 indicating the quantity D miilJ , which represents the minimum 
desired signal level at a boundary of sector L may be defined as 
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Dunn I = 0(0,0 = G(0sJ2) , (7) 

where G(0) is the radiation pattern 96 associated with sector 1 . Similarly, the quantity 
G sn , representing the maximum signal level in sector n of the radiation pattern G/ = 
G(9), or conversely, the maximum signal level in sector 1 of the radiation pattern G„ , 
assuming identical radiation patterns in all sectors, may be defined as 

Gm = max[G(B)] . for [0„ t *(n-3/2)J < 0 < [0„*(n- l/2)],n = 2..J360&J . 0 



The maximum value G 5n of the undesired signal level represents a worst case upper limit 
for the interference in sector 1 from sector n. Fig. 14 shows a plot 112 of several values 
of G sn , for n- 1-10. 

Likewise, the quantity G an , representing the average signal level in sector n of 
10 the radiation pattern Gj = G(8), or conversely, the average signal level in sector 1 of the 
radiation pattern G„ , assuming identical radiation patterns in all sectors, may be defined 
as 

Gan = ave[G(0)] , for [0 xw *(n-3/2)J < 9 < fa^(n-J/2)J f n = 2...(36O/0 X J . (9) 



Fig. 1 4 also shows a plot 1 1 4 of several values of Gan, for n - 1 - i 0. Using the quantities 
15 G sn and G an , either a maximum or average value of the undesired signal level in sector 1 
due to all sectors n using the same frequency channels, as a function of sector width 9.™- , 
may be obtained. 

A worst case scenario D/V ratio for sector 1 may be determined using the sum of 
all G sn for sectors using the same frequency channels as sector 1, and by assuming that 
20 the complex power is radiated simultaneously in all same frequency channel sectors n 
and is balanced (P/ = (3^ = (3*), coherent, and correlated, so that the maximum undesired 
signal levels from all potentially interfering sectors add constructively. Accordingly, a 
simplified version of Eq. (5) for the maximum undesired signal level U max i in sector 1 
may be given by 



fj max/ ^ \ 



(360/ 0„, ) 

n . ■* R (10) 
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and a simplified version of Eq. (6) for a worst case scenario D/U value may be given by 



Dm\n / / U max / (360/0^) 
/i = J, /i (Hid 



In practice, depending in part on the modulation / demodulation technique 
utilized by the modems 44 of the network operation center 40, and also due to slight 
manufacturing variations of the sectored antenna system 24, the complex power radiated 



into each sector may not be coherent or correlated with other sectors. Moreover, power 
may not be radiated simultaneously in all same frequency channel sectors. Additionally, 
the radiation patterns G n may vary slightly from sector to sector. For these reasons, a 
more realistic D/U ratio for sector 1 may be determined using the sum U aV ei of all 
10 average undesired signal levels G an for sectors using the same frequency channels as 
sector 1 , given by 



h — 3, n mill 



A simplified version of Eq. (6) based on U ave i may then be given by 



r» / 7 7 — Dmin I 



06ue mt ^ ^ (13) 



Z <J«» fin 



n- 3, n odd 



An optimum sector width Q sw , based on the radiation patterns G n and frequency 
15 reuse in alternate sectors, may be determined by evaluating Eq. (13) for a number of 
sector widths Q sw , and choosing the sector width that results in the highest value for 
D min i/U aveI . Of course, Eq. (1 1) may be evaluated similarly; however, the optimum 
sector width determined using Eq. (11) will be based on a worst case value for the D/U 
ratio. While the worst case D/U ratio may provide a more conservative estimate of the 
20 contribution of same frequency channel interference to the overall noise budget of a 
communication link, the D/U ratio given by Eq. (13) may provide a more practical 
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estimate of this component of the link noise budget. An exemplary range of D/U ratios 
suitable for purposes of the invention is given by, but is not limited to, 10 to 35 dB. In 
one embodiment of the invention, suitable D/U ratios may be achieved by selecting 
sector widths in a range of from the width of a main lobe of a radiation pattern at the -3 
5 dB points, to the width of the main lobe at the - 1 0 dB points. In yet another 

embodiment, the antenna system of the base station associates radiation patterns having 
essentially identical spatial profiles with each sector of a 360° coverage area such that a 
suitable, and more preferably, an optimum D/U ratio for each sector results when the 
sector width of each sector is approximately 16.4 degrees; namely, in this embodiment, 

10 the optimum sector distri butionof tfie"36g°l;overage area includes 22 contiguous sectors. 

Fig. 15 is a flow chart showing the steps of a preferred embodiment of the 
method of the invention, as outlined above, for determining an optimum sector 
distribution in terms of an optimum sector width 8^ based on either Eqs. (1 1) or (13). 
As discussed above, in other embodiments of the method according to the invention, the 
1 5 radiation patterns of each sector may be varied while holding the sector width of each 
sector constant to maximize the D/U ratio in each sector. 

Referring to the flow chart of Fig. 15, in step 700 an initial sector width (Q sw )n = 
360/// is chosen as a maximum candidate sector width, based on an exemplary coverage 
area spanning 360°. The variable N represents the total number of sectors into which the 
20 coverage area is divided, and may be chosen such that the initial sector width is 

approximately twice the width of a main lobe profile at the -10 dB points. For example, 
with reference to Fig. 12, the -10 dB points 108 and 1 10 of main lobe 102 are indicated 
at an azimuth of -10° and +10°. respectively, giving a main lobe width of approximately 
20°. A value for N may be chosen such that an initial sector width (Q sw )n is 
25 approximately twice the main lobe width, which, in the example of Fig. 12, would be 
40°. The foregoing example is for purposes of illustration only and other initial sector 
widths may be suitable according to other embodiments. In one embodiment, N 
preferably is chosen to be an even number, which is a particularly appropriate choice for 
an alternate frequency reuse scheme. 
30 Based on an initial sector width (e,„.) A . in step 702 of Fig. 1 5 the variable D mm , is 

calculated based on Eq. (7). Once D min , is calculated, the method according to the 
invention may follow either one or both of the paths indicated by reference characters 
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703 and 705. The path indicated by reference character 703 ultimately calculates a 
"worse case" D/U ratio given by Eq. (11), while the path indicated by reference 705 
calculates a more conservative D/U ratio given by Eq. (13). 

Following the path indicated by reference character 703, in step 704 of Fig. 1 5 

5 the method of the invention calculates the variable G sn given by Eq. (8). In step 708, the 
variable U max i is calculated as given by Eq. (10). In step 712, the ratio D mm }/U max i is 
calculated from Eq. (11). Similarly, following the path indicated by reference character 
705, the method of the invention calculates the variable G an in step 706 according to Eq. 
(9). In step 710, the variable Uavei is calculated using Eq. (12). In step 714, the ratio 

TO D^^^t^aveTi^calculatedTising Eq. (13): 

Once one or both of the D/U ratios indicated by Eqs. (11) and (13) are calculated 
and stored with the current sector width, for example in a conventional memory, in step 
716 the total number of sectors indicated by the variable N is incremented by an integer 
value z\ and in step 718 a new sector width is calculated based on the new total number 

15 of sectors N. In an embodiment in which N is an even number, N is accordingly 

incremented by an even integer in step 716. In step 720 the method queries whether the 
new sector width is less than the width of a main lobe at the -0.5 dB points. If the new 
sector width is greater than the width of a main lobe at the -0.5 dB points, the method 
according to the example outlined in Fig. 15 returns to step 702 and calculates a new 

20 value for the variable D min j based on the new sector width. If however the new sector 
width is less than the width of a main lobe at the -0.5 dB points, in step 722 a sector 
width is chosen corresponding to the maximum value of one or both of the D/U ratios 
stored by the method. 

Accordingly, in the example outlined above, the width of a main lobe at the -0.5 

25 dB points serves approximately as the minimum sector width which is evaluated by the 
method according to one embodiment of the invention. This criterion for minimum 
sector width is used for purposes of illustration only in the example outlined in Fig. 15. 
and both of steps 700 and 720 may be modified to alter the criterion for a minimum and 
maximum sector width evaluated by the method according to other embodiments of the 

30 invention. For example, in one embodiment, the number of sectors A' may be 

incremented by some integer i in step 716, hence reducing the sector width, until the D/U 
ratios calculated in steps 712 and 714 asymptotically approach some maximum valve. 
The query step 720 may then inquire as to an incremental change in the D/U ratios, and 



PCTAJS00/07789 

WO 00/60885 



47 



15 



*. method may be exited a, s,ep 722 if d. in— change is beiow some 

-rL~r:^^.— ------- 

— — ltak , and « be .ithinthe noise budget 

a receiving erul of the common. ,. [<?NR ,. fthemo dem serving the receiving 

dictated by the required signal-to-nois= ratio (SNR) oi the m 

pnd of the communication imfc. ; - 

With reference again to the do— charure. conunumcation 

38 having an associated signal level 700, which, for example, may be express 
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wireless communication link 26 is characterized by a free space path loss 726 which is a 
function of the path length 718 and the carrier frequency of the frequency channel 28. 
The path loss 726 is an attenuation factor which is subtracted from the effective radiated 
signal level 728 of the antenna system 24. To at least partially account for the path loss 
726, or a reduction of signal density as the path length 718 increases, the subscriber 
antenna 60 provides a gain 716 to the received data carrier 28. The link 62 between the 
subscriber antenna 60 and the subscriber transceiver 64 is assumed to be a low-loss link 
which does not attenuate the received data carrier 28. Accordingly, the desired received 
signal level RSL at the input of subscriber transceiver 64, shown in Fig. 7 as reference 
character 708, may be given as 

RSL(dBm) = 

Output of Base Transceiver (704) - Diplexer Loss (706) - 
Attenuation on line 25 (722) + Antenna System 24 Gain (720) - (14) 
Free Space Path Loss (726) + Subscriber Antenna 60 Gain (716) . 

In a similar manner, the noise sources along the downstream communication link 
shown in Fig. 7 may be added to arrive at a total noise level (TNL) 714 at an input to the 
subscriber transceiver 64. For purposes of the present discussion, it is assumed that any 
noise produced by the NOC modem 44 or the link transmitter 45, as well as any noise 
due to environmental disturbances over the internal communication link 34 is negligible. 
Additionally, while phase noise from the transmitter portion of the base station 
transceiver 32 may also contribute noise to the link, it is assumed in this example that 
low phase noise transceivers are employed and that the effect of phase noise is 
negligible. Likewise, it is assumed that any noise due to environmental disturbances 
which may affect the link 25, as well as the links 62 and 68 of the subscriber station 20 is 
negligible. This leaves the undesired signal level due to interference from the same 
frequency channel sectors, indicated by reference character 724 in Fig. 7, and thermal 
noise contributed by a receiver portion of the subscriber transceiver 64 as the primary 
sources of noise on the downstream communication link shown in Fig. 7. 

The undesired signal level 724 due to interference from same frequency channel 
sectors may be referenced to an input of the subscriber transceiver 64 and may be 
expressed as the desired received signal level 708 (RSL, in dBm) minus the D/U ratio for 
the sector. This approach is appropriate because the subscriber antenna 60 applies 
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essentially the same gain 716 to both the desired and undesired signals on the wireless 
communication link 26. As discussed above, according to one embodiment of the 
invention, a sector width is chosen such that the D/U ratio for each sector is in a range of 
from approximately 10 to 35 dB. The thermal noise power introduced by the receiver 
5 portion of the subscriber transceiver 64 may calculated from the relation 

Thermal Noise (dBm) = -1 74 dBm + 1 0 log [BfF] + NF , (15) 

where BW is the bandwidth of the frequency channels 38, 28, and 68 ? and NF is the noise 
1 0 figure 7 1 0 of the subscriber transceiver 64, discussed further below in connection with 
Fig. 16. The total noise level 714 (TNL), referenced to an input of the subscriber 
transceiver 64, is then given by 

TNL (dBm) = 

15 Thermal Noise + Same Channel Interference Noise (724) = (16) 

Thermal Noise + [ RSL (708) - D/U ] . 

Since the above calculation of the total noise level 714 is referenced to an input 
of the subscriber transceiver 64 and includes the thermal noise introduced by the 

20 subscriber transceiver 64, the receiver portion of the subscriber transceiver 64 amplifies 
both the desired signal level 708 and the total noise level 714 equivalently by essentially 
the same gain 712, so that the actual signal-to-noise ratio (SNR ac tuai) of the downstream 
communication link shown in Fig. 7 may be calculated at an input to the subscriber 
transceiver 64 rather than at the subscriber modem 70. This actual signal-to-noise ratio 

25 is given by 

SNRaauai (dB) = RSL -TNL , OV 

where Eqs. (14), (15) and (16) are used. 
30 Finally, the noise margin of the communication link shown in Fig. 7 may be 

calculated by comparing the actual signal-to-noise ratio given by Eq. (17) to the 
theoretical SNR requirement for the subscriber modem 70 given in Fig. % using the 
relation 
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Noise Margin (dB) = SNR ac tuai - SNRtheorcticai • 0 g ) 

Figs. 16 and 17 are charts showing exemplary design parameters according to one 
embodiment of the invention of the base station transceivers 32 and the subscriber 

5 transceivers 64, as well as exemplary design parameters of the directional antenna 60 of 
the fixed subscriber station 20 respectively, which may affect the contribution of these 
components to the link noise budget. Fig. 19 is a chart showing an example of a 
communication link budget analysis for one embodiment of the downstream 
communication link shown in Fig. 7, using relevant parameters from the charts of Figs. 

10 16 and 17. 

From Fig. 16, it can be seen that in this example the signal power 700 of the data 
carrier 38 input to the base station transceiver 32 may be from -10 to +5 dBm and that 
the transmitter gain 702 of the transceiver 32 may be adjustable in 1 dB increments from 
7 to 5 1 dB. Additionally, it can be seen from Fig. 16 that the maximum amplified output 
1 5 signal level 704 of the transceiver 32 is 26 dBm. In practice, as indicated in the link 
budget analysis of Fig. 18, this maximum output signal level 704 is "backed-ofT by 
approximately 5 dB to ensure that the transmitter portion of the transceiver 32 operates 
in a linear region, thereby minimizing amplitude and phase distortion and hence 
providing a low noise output. The maximum output signal level, output back-off, and 
20 actual output signal level of the transceiver 32 are identified in Fig. 18 by reference 

characters 704a, 704b, and 704, respectively. Additionally, from Fig. 16 it can be seen 
that an appropriate power range for the desired received signal level 708 input to the 
subscriber transceiver 64 preferably is in a range of from -30 to -70 dBm, and that an 
adjustable gain 712 of the subscriber transceiver 64 may be from -22 to +22 dB. Also, 
25 Fig. 16 indicates a noise figure (NF) 710 of 8 dB, which is used to calculate the thermal 
noise contributed by the receiver portion of the subscriber transceiver 64. 

Fig. 1 7 outlines exemplary design parameters of the directional antenna 60 of the 
fixed subscriber station 20. From Fig. 1 7~ it can be seen that the gain 716 of the 
directional antenna 60 in this embodiment is 24 dB. Fig. 17 also shows other parameters 
30 of the antenna 60 with respect to backlobe and sidelobe rejection, as well as an 

acceptable beam width of the data carrier 28 received at the subscriber antenna 60, which 
insures that the antenna reduces or rejects unwanted radiation impinging on the 

i* .• .i * £r\ c . rx+u^*- tU on tVidt nf tVi*» inrirlpnt Hata carrier 28. 

Oirecuonai aiucmm uu num uiitwuvna v**~* ~* 
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For purposes of illustration, the example of a communication link budget analysis 
shown in Fig. 1 8 indicates a path length 71 8 of 26 miles between the antenna system 24 
of the base station 22 and the directional antenna 60 of the subscriber station 20, but 
other path lengths are possible according to other embodiments. Fig. 1 8 also indicates 
5 the gain 720 of the antenna system 24, as well as the diplexer loss 706 and line loss 722 
contributing to signal attenuation on link 25. 

As discussed above in connection with Fig. 16, Fig. 18 shows that while a 
maximum output level of 26 dBm is available from the transmitter portion of base station 
transceiver 32, this level is "backed-off * 5.0 dB so that the output level 704 of the base 
10 station transceiver is a maximum of 21 dBm. Based on this maximum output signal 704 
of 21 dBm, on the line loss and diplexer loss, and on an antenna gain 710 of 21 dB, the 
effective radiated signal level 728 of the antenna system 24 is given in Fig. 1 8 as 39 
dBm, or 7.9 Watts. The free space path loss 726, based on the path length 71 8 and the 
carrier frequency of frequency channel 28, is given in Fig. 18 as 132.9 dB, and the 
15 subscriber antenna gain 716 is given as 24 dB, from Fig. 17. According to Eq. (14), 
these parameters result in a desired received signal level (RSL) 708 at an input of 
subscriber transceiver 64 of -69.9 dBm. 

The thermal noise power calculated according to Eq. (15), using a bandwidth of 
6 MHz and a noise figure (NF) 710 of 8 dB as indicated in Fig. 16, is given in Fig. 18 as 
20 -98.9 dBm. In the analysis of Fig. 1 8, an exemplary D/U ratio of 30 dB is selected, 

which results in an undesired signal level 724 due to interference from same frequency 
channel sectors of -99.9 dBm, based on a desired received signal level RSL of -69.9 
dBm. Accordingly, the total noise level (TNL) 714 at an input of the subscriber 
transceiver 64 given by Eq. (16) is indicated in Fig. 18 as -96.4 dBm, and the actual 
25 signal-to-noise ratio according to Eq. (17) is indicated in Fig. 18 as 26.5 dB, resulting in 
a noise margin of 12.5 dB according to Eq. (18). 

It should be appreciated that while in the foregoing example a theoretical SNR 
requirement of 14 dB was assumed for a modem using a QAM modulation / 
demodulation technique, other modems using different modulation / demodulations 
30 techniques and/or having different SNR requirements may be employed, as long as the 

actual SNR of the communication link for a given embodiment of the invention is greater 
than the theoretical SNR requirement; namely, the noise margin preferably should be 
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greater than zero, more preferably greater than 5 dB, and even more preferably greater 
than 10 dB. 

Fig. 19 is a diagram showing an example of a coverage area 52 in which sectors 
have different radii of coverage. In Fig. 1 9, the base station 22 is located at the center of 
5 the coverage area 52, and a radius of a given sector is measured from the base station 22. 
For example, in Fig. 19 sectors 152 and 352 have a radius 92, while sector 252 has a 
radius 90. While Fig. 19 shows that sector 252 is contiguous to both sectors 1 52 and 
352, any two non-contiguous or contiguous sectors of the coverage area 252 may have 
different radii. 

10 As shown in Figs. 4 and 5, in a preferred embodiment of the invention the base 

station 22 includes a transceiver 32 for each sector. The radius of a given sector may be 
a function of a power level of a transceiver 32 transmitting a radiation pattern into the 
sector. For some applications, it is desirable to vary the output power level of 
transceivers 32 corresponding to particular sectors because in some instances the base 

15 station 22 must have a greater range in particular sectors. To avoid interference and 
excessive power usage, it may be undesirable to increase the power output level in all 
sectors unilaterally if only some sectors require greater range. Accordingly, only the 
output power level of those sectors requiring a greater range may be increased. As a 
result, however, identical radiation patterns in all sectors can no longer be assumed, and 

20 a determination of an optimum sector distribution according to the method of the 

invention should take into consideration any changes in sector power levels, and hence, 
radiation patterns. Such differences in sector power levels may be accounted for, for 
example, through the complex power variable p n , as discussed above in connection with 
Eq. (4). 

25 Having thus described at least one illustrative embodiment of the invention, 

various alterations, modifications and improvements will readily occur to those skilled in 
the art. Such alterations, modifications, and improvements are intended to be within the 
spirit and scope of the invention. Accordingly, the foregoing description is by way of 
example only and is not intended as limiting. 

30 What is claimed is: 
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CLAIMS 

1 . A wireless communication system, comprising: 

a base station that transmits first radiation in at least a first sector of a plurality of 
5 sectors in a coverage area and transmits second radiation in at least a second sector of the 
plurality of sectors, the first and second radiation having a same carrier frequency and a 
same polarization; and 

at least one fixed subscriber station disposed in the first sector that receives the 
first radiation from the base station and transmits third radiation to the base station, 
10 wherein the base station is constructed and arranged such that the first radiation 

has a predetermined spatial profile that significantly reduces interference caused by the 
first radiation on at least the second radiation in at least the second sector, the 
predetermined spatial profile being sufficiently uniform such that the first radiation is 
effectively received by at least one fixed subscriber station located anywhere in the first 
15 sector. 

2. The system of claim 1 , wherein: 

each sector of the plurality of sectors includes at least one fixed subscriber 
station; and 

20 the coverage area includes only fixed subscriber stations. 

3. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the predetermined spatial profile of the first 
radiation significantly reduces the interference caused by the first radiation in each 

25 sector of the plurality of sectors in which radiation is transmitted having the same 

carrier frequency and the same polarization as the first radiation. 

4. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that radiation transmitted by at least the base station in 

30 at least one sector of the plurality of sectors that is contiguous with the first sector 

has the same polarization as the first radiation. 
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5. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the radiation transmitted by at least the base 
station in each sector of the plurality of sectors has the same polarization as the first 
radiation. 

6. The system of any of the foregoing claims, wherein the base station includes a 
lens-based sectored antenna system to transmit and receive the radiation in the 
plurality of sectors, the lens-based sectored antenna system including: 

a dielectric lens having a plurality of focal points, each focal point of the plurality 



10 of focal points corresponding to one sector of the plurality of sectors; and 

a feed array coupled to the dielectric lens to transmit and receive the radiation, 
the feed array including at least one feed device located proximate to each focal point. 

7. The system of any of the foregoing claims, wherein the base station is 

15 constructed and arranged such that the base station is capable of simultaneously 

transmitting the radiation in each sector of the plurality of sectors. 

8. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the first radiation is transmitted by the base 

20 station in alternate sectors of the plurality of sectors. 



9. The system of any of the foregoing claims, wherein: 

the at least one fixed subscriber station in the first sector has a required signal-to- 
noise ratio to effectively receive the first radiation; 
25 an undesired signal in at least the first sector includes radiation other than the first 

radiation having the same carrier frequency and the same polarization as the first 
radiation; and 

the wireless communication system is constructed and arranged such that a 
desired-to-undesired signal ratio of the first radiation in the first sector is sufficiently 
30 greater than the required signal-to-noise ratio of the at least one fixed subscriber station, 
such that the at least one fixed subscriber station effectively receives the first radiation. 
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1 0. The system of claim 9, wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 1 0 decibels greater than the required signal-to- 
noise ratio. 

1 1 . The system of claim 9, wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 20 decibels greater than the required signal-to- 
noise ratio. 



12. The system of claim 9, wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 1 5 decibels. 

13. The system of claim 9, wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 20 decibels. 

14. The system of claim 9, wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 25 decibels. 

15. The system of claim 9, wherein the wireless communication system is 
constructed and arranged such that the desired-to-undesired signal ratio of the first 
radiation in the first sector is at least 30 decibels. 

16. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the coverage area includes at least 8 sectors. 



17. The system of any of the foregoing claims, wherein the base station is 

constructed and arranged such that the coverage area includes at least 16 sectors. 
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1 8. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that the coverage area includes at least 20 sectors. 

19. The system of any of the foregoing claims, wherein: 

5 the predetermined spatial profile of the first radiation includes a main lobe; and 

the base station is constructed and arranged such that at least the first sector of the 
plurality of sectors has a sector width in a range of from a first width of the main lobe at 
-3 dl* points to a second width of the main lobe at -10 dB points. 

+6 — -20: Tht^ystem-ofany-of^the^ ^ 

a respective predetermined spatial profile of respective radiation transmitted by 
the base station in at least a respective sector of the plurality of sectors includes a 
respective main lobe; and 

the base station is constructed and arranged such that each respective sector of the 
15 plurality of sectors has a respective sector width in a range of from a first width of the 
respective main lobe at -3 dB points to a second width of the respective main lobe at -10 
dB points. 

21 . The system of any of the foregoing claims, wherein the base station is 
20 constructed and arranged such that: 

the coverage area spans up to an azimuth of 360 degrees around the base station; 
the coverage area is divided into the plurality of sectors such that each sector of 
the plurality of sectors is approximately wedge-shaped; and 

at least two sectors of the plurality of sectors have different sector widths. 

25 

22. The system of claim any of claims 1 -20 ? wherein the base station is constructed 
and arranged such that: 

the coverage area spans up to an azimuth of 360 degrees around the base station; 

and 

30 the coverage area is divided into the plurality of sectors such that each sector of 

the plurality of sectors is approximately wedge-shaped and has the same sector width. 



WO 00/60885 PCT/USOO/07789 

- 57- 

23. The system of any of the foregoing claims, wherein the base station is 
constructed and arranged such that: 

the coverage area is divided into the plurality of sectors such that each sector of 
the plurality of sectors is approximately wedge-shaped; and 
5 at least two approximately wedge-shaped sectors have different radii. 

24. The system of claim 23, wherein: 

the base station includes a transmitter for each sector; and 

a respective power level of at least two transmitters corresponding to the at least 
10 two approximately wedge-shaped sectors is adjusted such that the at least two 
approximately wedge-shaped sectors have the different radii. 

25. The system of any of the foregoing claims, wherein: 
the base station is constructed and arranged so as to transmit and receive the 

radiation in each sector of the plurality of sectors using at least one pair of frequency 
channels; 

a first frequency channel of the at least one pair of frequency channels in each 
sector carries downstream information; 

a second frequency channel of the at least one pair of frequency channels in each 
sector carries upstream information; 

a first carrier frequency of the first frequency channel in each sector is the same 
for at least two sectors of the plurality of sectors and is different for at least two sectors 
of the plurality of sectors; and 

a second carrier frequency of the second frequency channel in each sector is the 
same for at least two sectors of theplurality of sectors and is different for at least two 
sectors of the plurality of sectors. 

26. The system of claim 25, wherein the wireless communication system is 
constructed and arranged such that at least one first frequency channel and at least 

30 one second frequency channel has a same information carrying capacity. 

27. The system of claim 25, wherein the wireless communication system is 
constructed and arranged such that: 



20 
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at least one first frequency channel has a downstream information carrying 
capacity of at least 10 megabits per second in each sector; and 

at least one second frequency channel has an upstream information carrying 
capacity of at least 10 megabits per second in each sector. 

5 

28. The system of claim 25, wherein the wireless communication system is 
constructed and arranged such that: 

all first frequency channels in the coverage area having the same first carrier 

frequency-have a total d ownstream information carr ying capacity of at least 110 

10 megabits per second in the coverage area; and 

all second frequency channels in the coverage area having the same second 
carrier frequency have a total upstream information carrying capacity of at least 110 
megabits per second in the coverage area. 

15 29. The system of any of claims 25-28, wherein the base station is constructed and 
arranged so as to transmit and receive the radiation in the plurality of sectors using 
only two different pairs of frequency channels. 

30. The system of any of claims 25-29, wherein the base station is constructed and 
20 arranged so as to be capable of maintaining wireless communication with fixed 

subscriber stations in each sector of the plurality of sectors independently of any 
other sector in the plurality of sectors. 

31. The system of any of claims 25-30, wherein the base station is constructed and 
25 arranged such that contiguous sectors do not use the same at least one pair of 

frequency channels. 

32. The system of any of claims 25-3 1 , wherein the base station is constructed and 
arranged such that alternate sectors use the same at least one pair of frequency 

30 channels. 

33. The system of any of claims 25-32, wherein the wireless communication system 
is constructed and arranged such that the carrier frequency of each frequency channel 
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of the at least one pair of frequency channels is modulated based only upon digital 
data. 

34. The system of any of claims 25-33, wherein the wireless communication system 
5 is constructed and arranged such that: 

the coverage area is divided into a first number of contiguous, approximately 
wedge-shaped sectors; and 

the first number of sectors is divisible by a second number of unique pairs of 
frequency channels of the at least one pair of frequency channels. 
TO - ~" 

35. The system of any of claims 25-33, wherein the wireless communication system 
is constructed and arranged such that: 

the coverage area is divided into an even number of sequentially numbered, 
contiguous, approximately wedge-shaped sectors; 
15 a first pair of frequency channels is used to carry information in even-numbered 

sectors; and 

a second pair of frequency channels, different from the first pair of frequency 
channels, is used to carry information in odd-numbered sectors. 

20 36. The system of any of claims 25-35, wherein each frequency channel has a 
bandwidth of approximately 6 MHz. 

37. The system of any of claims 25-36, wherein each frequency channel has a carrier 
frequency in a range of from approximately 2.5 GHz to 2.7 GHz. 

25 

38. The system of any of the foregoing claims, wherein the base station includes at 
least one transceiver for each sector to transmit and receive the radiation in each 
sector. 

30 39. The system of any of the foregoing claims, further including a network operation 
center coupled to the base station, to transmit information to and receive information 
from the base station in a predetermined manner. 
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40. The system of claim 39, wherein the base station includes: 

a first port through which information is carried to and from the at least one fixed 
subscriber station over at least one two-way broadband wireless communication link, 
each wireless communication link using frequency channels having a carrier frequency 
within a first frequency range; and 

a second port through which information is carried to and from the network 
operation center over at least one internal communication link, each internal 
communication link using frequency channels having a carrier frequency within a second 
frequency range. 

41 . The system of claim 40, wherein the second port of the base station includes at 
least one tunable transceiver for each sector or the plurality of sectors, each at least 
one tunable transceiver coupled to the first port, each at least one tunable transceiver 
being constructed and arranged to convert at least one frequency channel in the first 
frequency range to at least one frequency channel in the second frequency range and 
to convert at least one frequency channel in the second frequency range to at least 
one frequency channel in the first frequency range. 

42. The system of claim 41 , wherein each at least one tunable transceiver includes: 
means for adjusting a respective carrier frequency of each at least one frequency 

channel transmitted by the at least one tunable transceiver; and 

means for adjusting a respective power level of each at least one frequency 
channel transmitted by the at least one tunable transceiver. 

43. The system of claims 41 or 42, wherein each at least one tunable transceiver is 
constructed and arranged such that each at least one frequency channel transmitted 
by the at least one tunable transceiver has a fixed carrier frequency during normal 
operation of the base station. 

44. The system of any of claims 40-43, wherein the network operation center is 
additionally coupled to an external communication link and is constructed and 
arranged to transport information between the base station and the external 
communication link in the predetermined manner. _ 
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45, The system of claim 44, wherein: 

the external communication link is coupled to a packet-switched network; and 
the network operation center is constructed and arranged to transport information 
between the base station and the packet-switched network. 

46. The system of any of claims 40-45, wherein the network operation center 
includes a storage unit to archive information. 

^47: The system of any of clmm^0^4^7whereinthe network operation center 

includes: 

at least one modem coupled to the at least one internal communication link to 
transmit information to and receive information from the base station; and 

switching equipment, coupled to each at least one modem, to transport 
information between a first modem of the at least one modem, and at least one of a 
second modem of the at least one modem and the first modem. 

48. The system of claim 47, wherein each at least one modem is constructed and 
arranged to decode at least one frequency channel of the at least one internal 
communication link using a first modulation technique to obtain the information 
carried on the at least one frequency channel, and to encode at least one other 
frequency channel of the at least one internal communication link using a second 
modulation technique. 

49. The system of claim 48, wherein each at least one modem is constructed and 
arranged such that the first and second modulation techniques are the same. 

50. The system of claim 49, wherein each at least one modem is constructed and 
arranged such that the first and second modulation techniques are quadrature 
amplitude modulation. 

5 1 . The system of any of claims 47-50. wherein the network operation center is 
constructed and arranged such that each frequency channel includes a plurality of 
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time periods, at least one time period of the plurality of time periods being assigned 
to each fixed subscriber station in a respective sector. 

52. The system of claim 5 1 , wherein the network operation center is constructed and 
5 arranged such that at least two time periods of the plurality of time periods are 

assigned to at least one fixed subscriber station within the respective sector. 

53. The system of claims 5 1 or 52, wherein the network operation center is 
constructed and arranged such that at least one time period of the plurality of time 

10 periods is not assigned to any particular fixed subscriber station. 

54. The system of any of claims 51-53, wherein the network operation center is 
constructed and arranged to dynamically assign the plurality of time periods to a 
plurality of fixed subscriber station for each respective sector. 

15 

55. The system of claim 54, wherein the network operation center is constructed and 
arranged to dynamically assign the plurality of time periods based on a relative 
demand of the plurality of fixed subscriber stations within each respective sector. 

20 56. The system of claims 54 or 55, wherein the network operation center includes at 
least one processor to control each at least one modem to dynamically assign the 
plurality of time periods. 

57. The system of any of claims 47-56, wherein at least one modem is constructed 

25 and arranged to correlate each frequency channel with a unique digital reference code 

for each fixed subscriber station in a respective sector. 

58. A method for transmitting and receiving radiation carrying information over air 
in a coverage area, the coverage area being divided into a plurality of sectors 

30 including at least a first sector and a second sector, the method comprising an act of: 

transmitting first radiation in at least the first sector; and 

transmitting second radiation in at least the second sector, the second radiation 
havina a same carrier frequency and a same polarization as the first radiation. 
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wherein the first radiation has a predetermined spatial profile that significantly 
reduces interference caused by the first radiation on at least the second radiation in at 
least the second sector, the predetermined spatial profile being sufficiently uniform such 
that the first radiation is effectively received anywhere in the first sector. 

59. The method of claim 58, wherein the act of transmitting first radiation includes 
an act of transmitting the first radiation such that the predetermined spatial profile of 
the first radiation significantly reduces the interference due to the first radiation in 
each sector of the plurality of sectors in which radiation its transmitted having the 
same carrier frequency and the same polarization as the first radiation. 

60. The method of claims 58 or 59, further including an act of transmitting other 
radiation in at least one sector of the plurality of sectors contiguous with the first 
sector, the other radiation having the same polarization as the first radiation. 

61 . The method of any of claims 58-60, further including an act of transmitting other 
radiation in each remaining sector of the plurality of sectors such that the other 
radiation has the same polarization as the first radiation. 

62. The method of any of claims 58-61, wherein the act of transmitting the first 
radiation further includes an act of focussing the transmitted first radiation in at least 
the first sector of the plurality of sectors. 

63. The method of any of claims 58-62, wherein the act of transmitting the second 
radiation includes an act of transmitting the second radiation simultaneously with at 
least the first radiation. 

64. The method of any "of claims 58-63, wherein the act of transmitting first radiation 
includes an act of transmitting the first radiation in alternate sectors of the plurality of 
sectors. 

65. The method of any of claims 58-64, wherein at least one fixed subscriber station 
is located in the first sector, the at least one fixed subscriber station having a required 
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signal-to-noise ratio to effectively receive the first radiation, and wherein an 
undesired signal in the first sector includes radiation other than the first radiation 
having the same carrier frequency and the same polarization as the first radiation, 
and wherein the act of transmitting the first radiation includes an act of: 
5 transmitting the first radiation in at least the first sector such that a desired-to- 

undesired signal ratio of the first radiation in the first sector is sufficiently greater than 

the required signal-to-noise ratio. 

66. The method of claim 65, wherein the act of transmitting the first radiation 

10 includes an act of transmitting the first radiation in at least the first sector such that 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
10 decibels greater than the required signal-to-noise ratio. 

67. The method of claim 65, wherein the act of transmitting the first radiation 

15 includes an act of transmitting the first radiation in at least the first sector such that 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
20 decibels greater than the required signal-to-noise ratio. 

68. The method of claim 65, wherein the act of transmitting the first radiation 

20 includes an act of transmitting the first radiation in at least the first sector such that 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
15 decibels. 

69. The method of claim 65, wherein the act of transmitting the first radiation 

25 includes an act of transmitting the first radiation in at least the first sector such that 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
20 decibels. 

70. The method of claim 65, wherein the act of transmitting the first radiation 

30 includes an act of transmitting the first radiation in at least the first sector such that 

the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
25 decibels. 
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71 . The method of claim 65, wherein the act of transmitting the first radiation 
includes an act of transmitting the first radiation in at least the first sector such that 
the desired-to-undesired signal ratio of the first radiation in the first sector is at least 
30 decibels. 

72. The method of any of claims 58-71 , wherein: 

the act of transmitting the first radiation in at least the first sector includes an act 
of transmitting the first radiation with a first power level in the first sector; and 

the act of transmitting the second radiation in at least the second sector includes 



10 an act of transmitting the second radiation with a second power level in the second 
sector, wherein the second power level and the first power level are different. 



73. The method of any of claims 58-72, wherein: 

the act of transmitting the first radiation includes an act of: 

15 transmitting at least one first frequency channel carrying downstream information 

in each sector of the plurality of sectors, a first carrier frequency of the at least one first 
frequency channel being the same for at least two sectors of the plurality of sectors and 
different for at least two sectors of the plurality of sectors; and 
the method further includes an act of: 

20 receiving at least one second frequency channel carrying upstream information in 

each sector of the plurality of sectors, a second carrier frequency of the at least one 
second frequency channel being the same for at least two sectors of the plurality of 
sectors and different for at least two sectors of the plurality of sectors. 



25 74. The method of claim 73, wherein: 

the act of transmitting at least one first frequency channel includes an act of 
transmitting the at least one first frequency channel such that the at least one first 
frequency channel has a first information carrying capacity; and 

the act of receiving includes an act of receiving the at least one second frequency 
30 channel such that the at least one second frequency channel also has the first information 
carrying capacity. 



75. The method of claim 73, wherein: 
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the act of transmitting at least one first frequency channel includes an act of 
transmitting the at least one first frequency channel such that the at least one first 
frequency channel has a downstream information carrying capacity of at least 10 
megabits per second in each sector; and 

the act of receiving includes an act of receiving the at least one second frequency 
channel such that the at least one second frequency channel has an upstream information 
carrying capacity of at least 10 megabits per second in each sector. 

76, The method of claim 73, wherein: 



-to — the acrof transmitfing^tTeast one tirst frequency channel includes an act of 

transmitting all first frequency channels in the coverage area so as to have a total 
downstream information carrying capacity of at least 1 10 megabits per second in the 
coverage area; and 

the act of receiving includes an act of receiving all second frequency channels in 
15 the coverage area so as to have a total upstream information carrying capacity of at least 
110 megabits per second in the coverage area. 

77. The method of any of claims 73-76, wherein the acts of transmitting and 

receiving include an act of transmitting and receiving the radiation in the plurality of 
20 sectors using only two different pairs of frequency channels. 

78. The method of any of claims 58-77, wherein the act of transmitting the first 
radiation includes acts of: 

routing data packets to a plurality of modulators in a predetermined manner based 
25 on a destination address; 

modulating a plurality of first frequency channels with the routed data packets, 
each first frequency channel associated with a respective modulator of the plurality of 
modulators; 

transmitting the plurality of modulated first frequency channels from the plurality 
30 of modulators over a first communication link, each modulated first frequency channel 
having a respective first carrier frequency in a first frequency range; 

converting the plurality of modulated first frequency channels to a corresponding 
plurality of modulated third frequency channels, each modulated third frequency channel 
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having a respective third carrier frequency in a third frequency range, the third frequency 
range being different than the first frequency range; and 

transmitting the plurality of modulated third frequency channels in at least some 
of the plurality of sectors in the coverage area. 

7<>. The method of claim 78, wherein at least two modulated third frequency channels 
have a same carrier frequency. 

So The method of claims 78 or 79, wherein each modulated first frequency channel 
has a unique first carrier frequency^ 

8 1 . The method of any of claims 78-80, wherein the act of modulating includes an act 
of quadrature amplitude modulating the plurality of first frequency channels. 

82. The method of any of claims 78-81, wherein: 

each sector of the plurality of sectors includes at least one fixed subscriber 
station; and 

the act of modulating includes an act of correlating the routed data packets for 
each sector with a unique digital reference code for each at least one fixed subscriber 
station. 

83. The method of any of claims 78-8 1 , wherein: 

each sector of the plurality of sectors includes at least one fixed subscriber 
station; and 

the act of modulating includes an act of assigning at least one time period in each 
first frequency channel to each at least one fixed subscriber station. 
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